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Estimating Soil Organic Carbon Density at Different Slope Positions in a Typical Karst Peak—cluster Depres—

sion Area by Ground Penetrating Radar Technology

XIA Yin-hang'?, LI Lei'*’, CHEN Xiang-bi'?, HE Xun-yang'?, LIU Kun—ping®, WU Jin-shui', SU Yi-rong"*"

(1. The Key Laboratory of Agro—ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sci-

ences, Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Huanjiang Observation and Re—
search Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang 547100, China )

Abstract: High proportion of bare rocks, disconnected soil distribution and large variation of soil depths are the characteristics of Karst land—
forms, leading to hardly accurate estimation of soil organic carbon density(SOCD ) by the conventional methods. In this study, four quadrats
were selected at each of different slope positions(upper—slope, mid—slope, lower—slope and depression ) in a typical Karst peak—cluster de—
pression area. Soil depth and soil distribution in each quadrat were measured by ground penetrating radar( GPR ) technology, and soil vol-
ume fraction was then calculated. Soil profile samples were collected from each quadrat and analyzed for soil organic matter, gravel content
and bulk density. The SOCD was then calculated according to soil organic carbon(SOC) content, gravel content, bulk density and soil vol-
ume fraction. Results showed that soil depths were between 0~30 cm at upper—slope, mid—slope and lower—slope, with soil volumetric frac—
tions ranging from 72%=16% to 78%+6%; while soil depth was up to 70 ¢m, with soil volumetric fractions of 64%=17% in depression area.

The SOC content decreased significantly from 0 to 30 em(P<0.05) within a soil profile, but it gradually increased from the depression area
to the upper—slope, showing a special phenomenon of “nutrient inversion” in the Karst areas. The SOCD in 0~20 cm depth gradually re—

duced from the upper~slope to the depression positions, and showed significant difference between the upper—slope and depression positions
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(P<0.05). However, the SOCD in 0~100 cm profile in the depression position was significantly higher than that in the slope positions(P<0.05).

Compared to the “Average Depth” method, the GPR method had relative error of 0.3%~14.5%, showing no significant difference. Therefore,

GPR method could be used to accurately detect soil depth and soil distribution for estimating SOCD in disconnected soils in Karst area, and

is a reliable method to estimate SOC storage in Karst areas with a promising accuracy.

Keywords: Karst peak—cluster depression area; ground penetrating radar; soil distribution; soil organic carbon density
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Figure 1 Distribution of quadrats in Karst peak—cluster

depression area
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Table 1 Basic information of each quadrat

R HIERE ¢ em™ ARG E

e Ao LI A%
0~10 em 10~20 em 20~30 cm 30~50 c¢m 50~70 cm 70~100 cm
3k SP1 HEM 17.0 1.18/1.51 1.32/1.50 1.32/1.49 1.35/1.49 — —
SpP2 HEIN 10.0 1.25/1.51 1.36/1.50 1.37/1.48 1.37/1.48 — —
SP3 HHb 9.0 1.34/1.42 1.35/1.40 1.36/1.40 1.39/1.40 1.40/1.40 —
SP4 R 8.0 1.30/1.47 1.32/1.45 1.31/1.45 1.32/1.45 — —
Rk 7Pl T 12.2 1.22/1.10 1.22/1.08 1.23/1.08 1.26/1.08 — —
7Zp2 T 11.1 1.220.88 1.29/0.80 1.30/0.88 1.32/1.88 1.31/0.88 —
ZpP3 HEM 12.8 1.10/1.10 1.18/1.00 1.25/1.00 1.26/1.00 — —
7P4 O 7.0 1.36/0.94 1.38/0.94 1.35/0.94 1.39/0.94 — —
T XP1 Wb 42 1.31/0.85 1.35/0.84 1.45/0.84 1.47/0.84 1.49/0.84 —
XP2 =80 9.0 1.31/0.66 1.36/0.64 1.38/0.64 1.43/0.62 1.47/0.60 —
XP3 N 7.0 1.29/0.79 1.290/0.78 1.31/0.75 1.34/0.75 1.35/0.74 —
XP4 T 8.8 1.20/0.83 1.22/0.81 1.26/0.79 — — —
HEH W1 kb 9.6 1.27/0.41 1.36/0.38 1.55/0.38 1.48/0.38 1.51/0.8 1.50/0.37
w2 kb 14.0 1.31/0.32 1.36/0.30 1.40/0.30 1.42/0.28 1.35/0.28 1.39/0.27
w3 Wb 11.0 1.33/0.38 1.29/0.36 1.37/0.35 1.39/0.35 1.33/0.34 1.23/0.34
w4 i 12.0 1.28/0.32 1.24/0.31 1.36/0.30 1.39/0.30 1.32/0.29 1.32/0.29

1 :SP1.,SP2 .SP3 Hll SP4 /R _EYEAYPUAFE Ty 3 Z2P1 ZP2 [ ZP3 FIl ZP4 FoR WRyE A U5 3 XPT XP2  XP3 Fll XP4 F/R FEAY U7 s W,

W2 W3 I W4 FoR R IO EE T

Note: SP1,SP2 SP3 and SP4 represent four quadrats of the upper—slope position,ZP1 . ZP2 ZP3 and ZP4 four quadrats of the midslope ,XP1 XP2 XP3

and XP4 four quadrats of the lower—slope,and W1 W2 W3 and W4 four quadrats of the depression area.
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Figure 2 Ground penetrating radargram under the first survey line in the fourth quadrats of midslope(a),and comparison of

soil depths by GPR field detection and soil excavation(h)
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Table 2 Soil distribution in each quadrat detected by GPR
o B2 5T SR EU % S5 - R
0~10 e¢m 10~20 c¢m 20~30 c¢m 30~50 ¢m 50~70 c¢m 70~100 c¢m cm
gk SP1 85 72 40 12 0 0 31
SP2 94 78 64 33 5 0 37
SP3 84 76 60 24 9 0 30
SP4 99 92 66 17 0 0 25
thijl ZP1 98 89 65 30 25 11 65
7P2 96 86 67 36 8 1 37
7P3 92 82 52 22 1 0 25
7ZP4 94 72 47 14 2 0 25
T XP1 94 82 54 29 14 7 33
XP2 98 89 71 34 20 10 43
XP3 90 80 62 30 18 11 40
XP4 76 48 23 12 0 0 28
DEE: W1 82 64 50 36 24 17 43
w2 97 96 93 86 75 61 83
w3 97 87 74 59 44 35 69
W4 93 80 68 46 39 11 60
SJ5 T LUK 2 SRR X (1 1 Hb 75 15 (PR 25 P
SR TR L A R | Sy - A WL 0 6 b s o w0
(A B RO 0 ' ' ' ' '
22 REA T EEIHS B ST 20}
FETR L ) b, B3 HUR & ik LA ] R R E
PP 3). Bl SR RO RN AT BLBG & R ="
1E 0~30 em HOTERETE DY , -+ 304 HLBR & B B SR AIT T 6ot
(P<0.05); HEERT 30 cm, IS RIS sol
16, BIFE 30 em BHIT AN HLBR A 5 HHBUEE T . 32
100

F TR P o A S i A SR R A LR T2 2R AR
TE IR P BIR R T Z L AE 0~20 em 1)=
P Bt SRR E PR o, AL v ) MR 2R B a2
SRS EHIN, D AR RO b A BILBR 5 e S i
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Figure 3 Changes of soil organic carbon content with soil depth at

different slope positions
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Table 3 Comparison of soil organic carbon content in each quadrat at four slope positions
- BRI L AT 5 /g kg™
0~10 ¢cm 10~20 em 20~30 cm 30~50 ¢cm 50~70 cm 70~100 cm
ok SP1 22.70+4.79abA 16.90+1.73aAB 14.88+1.90aB 12.58+0.38aB
SP2 25.43+5.06aA 11.84+0.32bB 8.76+1.35bB 7.56+0.31bB
SP3 13.89+0.97bA 11.06+0.91bA 8.06+0.97bB 6.71+1.47bB 5.75B
Sb4 18.88+3.37abA 11.37+1.25bB 10.03+3.17bB 9.30+3.45bB
g 7ZP1 17.87+0.35bA 15.93+0.77bAB 13.02+1.43bB 12.61+3.40aB
7P2 13.92+1.27cA 10.38+1.63cB 7.47£0.18¢C 7.22+0.12bC 7.15+0.04C
7P3 23.34+0.88aA 19.24+0.48aB 15.06+0.35aC 12.95+0.56aD
P4 13.40+1.22cA 10.12+1.70cB 6.83+0.85¢C 6.49+0.81bC
T XP1 11.48+1.62cA 8.52+3.17¢B 6.73+2.33¢B 6.37+1.64bB 6.01+1.30aB 5.74B
XP2 14.64+0.78bA 12.76+0.49bB 10.14+1.91abC 9.57+3.09aC 7.28aC
XP3 19.11£0.51aA 14.05+0.65bB 10.64+2.46abC 9.64+2.78aC 7.86aC
XP4 20.22+0.86aA 18.38+1.71aA 14.41+1.36aB
e W1 8.85+0.31bA 6.70+1.84bA 3.18+1.33bB 2.85+1.39bB 2.84+0.49bB 2.65+0.83aB
W2 13.03+2.05aA 11.21+2.60aAB 9.93+2.80aAB 8.93+2.65aAB 7.46+3.52abAB 4.21+0.06aB
w3 12.94+1.32aA 11.26+0.31aB 10.08+0.64aB 9.74+0.40aB 9.72+1.29aB 9.73+0.78aB
w4 13.16£1.61aA 11.23+0.83aB 9.00+1.64aC 8.79+3.44aC 7.54+2.59abC 7.36aC

T sa, b, ¢ R [Al— SRR A L TeAT LR 5

2255 A, B, C R [al—A7 LA DLaks

RS, P<0.05,

Note: a, b, and ¢ mean the differences in soil organic content between different quadrats at the same slope position within the same column; A, B, C means

the differences in soil organic content between different soil depths within the same row, P<0.05.
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NE G R o B 45 25 S i W A 3 AN R 4
AU S 2SR R, A —3 47 34 MLk
MIBIFSE 5 75 SEAE S B BRI AR R R 9 52
M)
2.3 AEEA HIERZENGE
éz\janfE%E/\ﬂl)%?n/\*c(é)ﬂﬁf”ima? LS iIN
BIUREE NI JT L A WU B A A G 45 R WLk
4 XFTFHAERNATREA R 1 m ke r AL &
Tk SBORE TR JBE 1R A WL 285 B, SO 391 T e R )2 1Y
IR e O i i < A N RN VA I E 5

i 0~20 em PN A HLAR 2 B 98 [ 40 5 8 2 3.72~
4.14 2.69~4.17 2.34~3.64 kg-m™ 1 2.67~3.11 kg m?;
1M 0~100 em + TR (A HILAR 25 B2 3 [ 53 31 4 3.99~
5.70.3.41~7.11 3.83~6.05 kg -m™ Fll 5.72~9.14 kg -m™
(£ 4).0~20 cm N, HHEA PR B 3% 2 b
g, Y S 25 R 3 (P<0.05) ;1 0~100 cm
N e A AL R T, Ho 2% 7 i 3 (P<
0.05),

Zheng S5O FHAF- 249 1 R BEVEAG SR ST 40 DA
&ﬂﬁﬁ’aj:f%é?ﬁﬂwifz@E, FHEE R S 5005 1M

PO, WA DR g o AR , LSBT BRI 5 o - MR
J}fiﬁ[l%?‘éiﬁlvﬁ/ﬁfl\m', I Ry S A1 E T EL AR

R4 ARAERHTENTIEENBRZERELR

Table 4 SOCD calculated from two methods and their comparison

N SOCD(HM K ) kg m™ SOCDCY IR ) kg m™ TPk LR Flsig
et 0~20 em 0~100 cm 0~20 em 0~100 cm 0~20 em 0~100 cm
bk 3.90+0.22a 4.92+0.70b 3.94+0.45a 5.50+0.77b 0.260/0.880 1.223/0.311
bl 3.36+0.75ab 5.17£1.65b 3.35+0.31ab 5.92+0.69b 0/0.987 0.409/0.546
Tk 3.07£0.58ab 4.94£1.23b 3.50+0.76ab 5.31x1.23b 0.812/0.402 0.174/0.691
b 2.90+0.22b 7.59+1.73a 2.79+0.89b 7.99+0.89a 0.709/0.442 0.128/0.739

T ARG SRR RN R AT HLRR 7 B 22 5 5

Note: Different lowercases mean significant difference( P<0.05) in soil organic carbon density(SOCD) between different slope positions.
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