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Abstract: The specially geological background of karst area has created complex and broken topography and developed
various micro-geomorphology, which made it difficult for people to clearly understand the spatial heterogeneity and

ecological stoichiometry characteristics of soil carbon, nitrogen and phosphorus. On the basis of field investigation, soil
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sampling and test results, the mixed effect model evaluation method combining coefficient of variation was introduced, and
the spatial heterogeneity of soil carbon, nitrogen and phosphorus under different micro-geomorphic types and their eco-
chemical measurement characteristics were revealed from two aspects: total amount ( soil organic carbon, total nitrogen and
total phosphorus) and effective amount (active organic carbon, available nitrogen and available phosphorus). The results
show that; (1) The coupling interpretation degree of soil organic carbon, total nitrogen and total phosphorus to the ratio of
carbon, nitrogen and phosphorus under different micro-geomorphic types is: earth flatland (91.09% ) >gully (91.02% ) >pit
(84.63% ) >stone cavern (80.17% ) >crevice (73.20% ), with the lowest spatial heterogeneity of soil surface and the
highest stone crevice. (2)In terms of available state, the coupling explanation degree of active organic carbon, available
nitrogen, available phosphorus and the ratio of carbon, nitrogen and phosphorus is characterized as followed: crevice
(84%) >stone cavern (58.15% ) >earth flatland (47.80% ) >pit (44.06% ) >gully (32.18% ), which indicates that the
spatial heterogeneity of soil active organic carbon, available nitrogen and available phosphorus in stone crevice micro-
topography is the lowest. (3) The coefficient of variation of ecological stoichiometry of total soil carbon, nitrogen and
phosphorus under different micro-geomorphic types are all above 50% (C/N 80% , C/P 53.57% , and N/P 69.33% ). By
revealing the spatial heterogeneity of total and available carbon, nitrogen and phosphorus in different micro-geomorphic soils
and the characteristics of eco-chemistry, we can provide data and scientific reference for karst soil system management

scheme and coping with global change and carbon neutralization.

Key Words: karst; soil carbon, nitrogen and phosphorus; effective state; spatial heterogeneity; ecological stoichiometry
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Fig.1 Location and terrain of the study area
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Fig.2 Schematic diagram of rock and soil distribution under different micro-geomorphic types
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Table 1 The characteristics of morphology, depth, litter fall and soil distribution of different micro geomorphic types
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Table 2 Characteristics of vegetation composition and proportion of micro-geomorphic types in the samples
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Fig.3 Determined variation of SOC, TN and TP to C :N :P ratio under different micro-geomorphic types
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Contents and ecological stoichiometric characteristics of SOC, TN and TP in different micro-geomorphology
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AR S 220 T B AR & i, A 4% T SOC & i s IME A 300.61 g/kg, G5 T A Ak S 41H
(174.01 g/kg) ;M43 1+ 3R SOC S BAHMHAK (73.49 g/kg) . +IHE TN S H75LIEE K 1.95—22.44 ¢/kg,
PIEN 8.94 o/ kg, TEATUMIA LM AR b TN & it 4885 4300 8 14.75 14,42 g/kg, TN & it AR & EE
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H°4 20.44, TEA[FHBSZEAT | C/N BIEAFFER N A48 (24.54) >AY0(22.6) > A5 (19.08) >i%E L2z + 1
(18.85)>A (17.15) (£ 3) . Bk C/P BYAELIL I 479.64—491.85 , BAAII(E 4200.83, C/P HI{EAE A [ 1
H 5 AR A - A1 4% (268.01) > 4157 (263.08) > 47114 (186.64) >iE 4L + 1 (157.02) > 411l (129.39) , Fif *K
FE A N/P ARG 3.37—25.74 , BAAIIE N 10.45  7EAR RIS T N/P BB AE J . 145 (12.7) >
AYT(12.59) >A178(9.82) A1 (8.91) >i#ELE + i (8.21) ,
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Table 3 Ecological stoichiometric characteristics of SOC, TN and TP under different micro-geomorphology

, - Ny EERiIR TS o e

ﬁi%o%zf\:fi‘phic ft?lfif Soil organic Total Total WAL et L AW

types characteristics carbon/ nitrogen/ phosphorus/ C/N ratio C/P ratio N/P ratio

(g/'kg) (g/'kg) (g/'kg)

AYH Gully e/ IME 80.06 4.19 0.28 16.20 112.02 5.72
SN 171.35 8.39 1.00 24.37 293.99 18.15
FEHIME(15) 114.82 6.06 0.66 19.08 186.64 9.82
LREDA 7 112.44 5.74 0.67 18.74 165.22 8.97
b2 24.88 1.38 0.19 2.01 58.20 3.13
A5 R 0.22 0.23 0.29 0.11 0.31 0.32

£11li] Stone cavern /ME 35.85 1.95 0.29 4.43 79.64 5.10
N1 151.94 15.59 0.96 41.70 344.15 25.74
SEEE(15) 73.49 5.16 0.60 17.15 129.39 8.91
LREDA 63.64 3.69 0.60 15.94 99.99 6.23
brifE2E 30.99 3.69 0.16 8.16 71.86 6.68
5 R A 0.42 0.71 0.26 0.48 0.56 0.75

f14% Crevice Ie/MAE 159.40 3.51 0.66 9.86 149.16 3.37
SN 398.05 22.44 1.82 63.57 491.85 21.98
S (15) 300.61 14.42 1.18 24.54 268.01 12.70
LRED& 308.27 15.52 1.20 19.86 247.85 13.05
PRifE 2 77.18 5.44 0.33 13.54 91.89 5.01
5 R AL 0.26 0.38 0.28 0.55 0.34 0.39

£ Pit F/ME 134.98 4.56 0.56 12.40 177.67 6.02
S NEN 485.89 22.03 1.79 49.27 413.83 18.76
SEHIME(15) 299.51 14.75 1.16 22.60 263.08 12.59
LREDA 7 310.12 15.71 1.19 19.91 279.39 12.29
Frife 22 97.71 5.53 0.35 10.20 68.92 3.30
5 R AL 0.33 0.37 0.30 0.45 0.26 0.26

41 Earth flatland  f5t/ME 46.36 2.75 0.33 16.38 97.27 5.94
SN 135.06 6.18 0.81 22.71 245.12 12.00
SEEIE(15) 81.62 4.30 0.54 18.85 157.02 8.21
LREDA 75.67 3.97 0.56 18.43 149.07 8.28
b2 22.77 0.94 0.15 2.01 48.49 1.89
ALY 0.28 0.22 0.27 0.11 0.31 0.23
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B 5 FEMGSTEASIEREHTERRYE
Fig.5 Determined variation of SAOC ,SAHN and SAP under different micro-geomorphology
SAOC ; H3ET A HLER Soil active organic carbon; SAHN ; BBfi# & Soil alkaline hydrolysis nitrogen; SAP ; #&L# Soil available phosphorus ; &1
ERHARIE 3591 13 SAOC SAHN K SAP X C:N:P (A MHEA e

2.2.2 N[ HSR S + A RS A A S A 2E TR R

AREHHS R SAOC SAHN K SAP &t KA BAbA T HERRAE (2 4) BoR . A0 A A 4% AT+
FOFP b SRS AV R B A RS £ C/P B N/P IR S RACK T C/N, R B i Tl S = A8 5 24K
KT P DU R 20 1T A 4% A 4 1 38 A0 C/P K N/P 28 53 R B0 /N T HA 2B AU g S 3 . A 30Es
C/ NI AE 2 28T A b 22 S /N B AR S REHE A 5% 3 (0.53) SR e A ST 3 (0.15) s RS
C/P (R IEEAEAS T SR S 0 v R 22 S A/ N AR S R B0OFE A 4% 1438 (0.40 ) S Ik T AL AY A 38038 N/P 1
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F4 FEFMKRT LEFERVR BHEIRELBNESUFTERHE
Table 4 Ecological stoichiometry characteristics of SAOC,SAHN X SAP under different micro-geomorphology

P ; . TP LR L R 4 HH

ﬁfﬁfﬁmhic Zﬁiﬁg {Eff f}gﬁff Alkali)icfjrﬁyzable Aﬁiﬁ WA T LU AW

types characteristics carbon/ nitrogen/ phosphorus/ C/N ratio C/P ratio N/P ratio

(mg/kg) (mg/kg) (mg/kg)

78 Gully He/IME 11.04 311.58 0.71 0.02 0.88 40.93
RME 34.18 733.82 13.66 0.06 25.07 635.72
S (15) 17.82 476.69 5.85 0.04 5.39 142.27
L REITR e 16.38 451.36 4.94 0.04 3.54 93.63
brifE 2 5.82 108.53 3.76 0.01 6.24 158.99
5 R AL 0.33 0.23 0.64 0.27 1.16 1.12

113 Stone cavern  F/ME 5.70 214.03 0.38 0.02 1.52 63.07
IS IN1 17.44 407.68 5.76 0.05 30.92 773.98
A (15) 9.61 289.94 3.25 0.03 4.72 132.92
LREITR e 9.61 260.62 3.45 0.03 2.71 83.91
i 3.17 60.06 1.21 0.01 7.31 178.40
A5 R AL 0.33 0.21 0.37 0.27 1.55 1.34

Ti4% Crevice F/ME 36.31 259.17 8.58 0.05 1.95 9.51
S YNIER 79.03 1030.85 36.96 0.21 6.73 72.32
FAE(15) 55.65 787.21 19.80 0.08 3.21 46.68
EREITR e 53.40 821.18 17.15 0.07 2.89 51.43
PRz 15.10 203.09 9.41 0.04 1.29 17.83
A2 5 R 0.27 0.26 0.48 0.53 0.40 0.38

AL Pit f/ME 23.50 378.56 2.03 0.04 1.84 25.97
SYNIEL 75.47 1057.06 37.12 0.08 23.50 367.23
SEHE(15) 51.76 808.76 17.75 0.06 4.34 69.70
EREITR e 50.55 835.74 16.22 0.06 3.16 51.17
PRz 15.26 183.61 9.22 0.01 5.30 83.90
5 RAL 0.29 0.23 0.52 0.15 1.23 1.20

1-ifi Earth flatland  $5%/ME 8.19 224.22 0.67 0.03 1.66 50.52
SN 27.41 493.58 9.77 0.08 17.00 510.69
SFAE(15) 14.00 355.46 3.92 0.04 5.10 130.37
EREITR S 12.10 342.16 2.92 0.04 3.86 120.17
brifE2E 5.14 66.93 2.56 0.01 4.04 110.33
A5 R 0.37 0.19 0.65 0.38 0.79 0.85

3 iFig
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S, o, LATERT TS R W], b R W & i S A 2l e T U (e — s BRI T A AR [ 7 i T &K L
{2720 AEANTR) XIRURE | B A 358 5 T P TR 3R LA 22 5, SRR I SRR oy TS R o FE 1) 7K A 2%
22 5, b /INRUBE b 3222 A 58 K A 3 26 TR 3R T2 T A ST R IX s, B2 24 22 R 11/ A B ol
SIS b S R A 2L oA (T AR R AR A 2 B 2 S R U 1Y 22 S M B AR LR
AR E KR

AWFFEIE T RGN ffﬁﬁ”f“ RANTRN RS T 3 S Wi ) 2 18] S5 e, JFL it PRI R0 i 140 7 — 7 PR A
ZEAETN LSRR AR 0 5 S A AR R AR X T E I A AR RIEREE T A e AR C NP LU ARG 5C 2R
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IV IZARRL , 884 5 i SRl 14 22 1) S o P B I Ay e i T e v Ay A7 5%, A 00 I SRl 1) 2 ) S B P e 1A
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PEEA T AT AEAN ) DX RBE 4038 T 5795 T REAFAE 22 57, Gao 453 JH Y M BRI 45 £ /NI LK R IX
SRR REETE I HeAh, BURARBI GO AN St 50 20 B0 F e 4 ik K A RS Bk AU Bl 2 18] S Ve kAT T
R, (R 52 B b % 8] 7 S P ) SRR AR IR , AL U 7 40 100 B0 H Bl 00 0 b A JH R A [ 2 73 Bl B
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x5 ARRFUEHARETERSHVZTERRESHTHIITLE
Table 5 Comparison between this study and previous studies in spatial heterogeneity analysis of soil nutrients

S MEVAOF 3 W5 I o R TR BTN
Area and object of studied Research method Research results Characteristics of method References
52 2 W TR 0 DA IR TR/ AR AR D3 TP TK TMg A1 pH {HR I 1 32U
+ 4 g Z5[E ARG ; @OM \ TCa AP A AK B REECIT M I - 38 55 4 1 - P55 55 [24]
Maolan Karst Peak Slope/ - AR B A ] AR DG ; @ 15 OM TP A AR 28 (RIS K FRAE
Forest soil AK 75 [ i S AR BT

s EESDN SR I8 R I ey T N - o L L L e
AT ORI BPARCE PR IER . B gt o giot e 5
Houhai River Basin/ ML LA P LRI IR oy o g ssfe Rt [25)
Soil Thickness > B > A > bt , 72 B - 48R T4 H MS; ﬂﬁ’ a

" A R R 1 T

NS . WIS S BoR: Ak (SL>ASFL>SGL > it A [l 2 9 SOC H Xt Ho 75 51 2

Z a2y in L
}; gf,”'?%/ i]fﬁ?(f? XA AFL) >UL>GrL>#F i (ACLs>PF>SCL>AL) 5 {A ARl 2 v SOC 143 4 A [13]
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=AY R SRS BT Z XS R GRS Y i 5 o R 2R Y o 1
M55 T HABERA 7 Bk, H AR o i K/NRRIZS St (HE £ 25 26]
The Sancha River Basin/Karst A KR 0.672, i hmie Bok MEEEM R ERE, BB/ IRRUE
Ecosystem Services ik HMELLE
5 2 W b R R D4R PR RE & R . T (91
LA AR IR ATE 09% ) >F1 {8 > A 40> £ > 4158 (73.20%)
Different microlandforms of A 2 (B S B AR A S, R T AR RIS E T 14 SoC
Maolan karst mountain area/ AR QAVEHRABREA R R . fi%% TN TP L SAOC,SAHN  J SAP X C. LN

Soil full amount and effective
state of carbon, nitrogen and

phosphorus

(84% ) >G> >A > F1H(32.18%) ,
B A 1Y A S R R 2 1) 5 B
Pesd

N:P IR A SRR R L

TP . 2§ Total phosphorus; TK: 4% Total potassium; TMg: 4% Total magnesium; OM; % HLEi Organic matter; TCa: 445 Total calcium; AP H AL Available
phosphorus ; AK : A4 Available potassium; SL: A Shrubland ; ASFL: TR ACHHML Arbor — shrub mixed forestland ; SGL; ## 7 M\ Shrub grassland ; UL ; A1 i
Uncultivated land ; GrLL; %1 Grassland ; ACLs : 78t Abandoned cmpland;SCL;J;’ﬁT#i{ﬁ Sloping cropland ; GL: [iEl 31 Garden land

3.2 MR AN AR SR A S S TR AR
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Fig.6 Distribution characteristics of SOC, TN and TP under different vegetation types
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