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Abstract: The specially geological background of karst area has created complex and broken topography and developed
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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.2 Schematic diagram of rock and soil distribution under different micro-geomorphic types

1 N N

Table 1 The characteristics of morphology depth litter fall and soil distribution of different micro geomorphic types

/em /
Micro— Main features of micro—
T aum features of micro Depth Litter fall Soil distribution
geomorphic types geomorphology
5— N
30—50
Gully 8 cm
30—100 = ;
Stone cavern 2 cm
100—300
Crevice 3—5 cm
10—50
Pit 5—8 cm
Earth flatland N 3—6 cm
1.2.3
Olsen ( NaHCO, ) 5
1.3
1.3.1

Excel 2019  Origin
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Table 2 Characteristics of vegetation composition and proportion of micro-geomorphic types in the samples

. Characteristics of Sample The proportion of main micro— Slope Slope
Vegetation types . ) Slope - -
vegetation components number geomorphology in the sample direction position
1 €:30.7%; a+b+c+d: 4.3% 25° (
High forest 2 e 17.25%; *12.75% 50° ( )
3 a:6.07%; *:3.93% 55¢°
4 e:41.14%; *:3.86% 30°-40°
5 e: 68.78%; *:1.23% 30°-40°
6 €:35.34%; * 1 4.66% 30°-40°
7 a:6.9%; e: 7.04%; * 1 1.06% 30°
8 a 9.13% *:0.87% 50° ( )
9 e 15.4% * 14.6% 50°
10 e 13.47% * 1 6.53% 25°
Shrubbery 11 €:25.35% * 14.65% 20° ( )
12 €:20.95%; *:9.05% 30-400
13 €:38.37%; *11.63% 30°
Shrub-grass 14 e:32.2% *12.8% 30°
15 e:47.96% *:2.04% 30°
a—e a Gully; b: Stone cavern; c. Crevice; d: Pit; e: Earth flatland,; *
1.3.2
R “vegan”
(X1 X2 X3) ; “vegan”
( X1.X2.X3
) (Y C:N:P ) o
19
C:N:P
2
2.1
2.1.1
N C:N:P
. : (91.09%) >  (91.02%) >
(84.63%) >  (80.17%) >  (73.20%) ( 3.
SOC.TN TP C:N:P
TP 53.59%; TN 48.78%
TN TN 15.44%:;
TN 79.26% SOC TP 51.52%; TN
78.75%; TP 80.83% .
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3 SOC.TN TP C:N:P
Fig.3 Determined variation of SOC TN and TP to C :N :P ratio under different micro-geomorphic types
SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus; SOC.TN.TP C:N:P
2.1.2 SOC.TN TP
SOC.TN TP 5
:C/N C/P.N/P C.N.P

4 SOC .TN.TP

Fig.4 Contents and ecological stoichiometric characteristics of SOC TN and TP in different micro-geomorphology
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socC 300.61 g/kg
(174.01 g/kg) ; soC (73.49 g/kg) TN 1.95—22.44 ¢/kg
8.94 g/ke TN 14.75.14.42 g/kg TN
(4.30 g/kg) (5.16 g/kg) 3.35 & TP 0.28—1.823 g/kg
TP 1.18 g/kg (0.83 g/kg) (
0.54 g/kg) .
C/N.C/P.N/P Z C/N 4.43—63.57
20.44. C/N : (24.54) > (22.6) > (19.08) >
(18.85)>  (17.15)( 3). C/p 79.64—491.85 200.83 C/P
(268.01) > (263.08) > (186.64) > (157.02) > (129.39) ,
N/P 3.37—25.74 10.45 N/P : (12.7) >
(12.59) > (9.82)>  (8.91)> (8.21) .
3 N

Table 3 Ecological stoichiometric characteristics of SOC TN and TP under different micro-geomorphology

Micro-geomorphic Statistical Soil organic .Total Total R . )
types characteristics carbon/ nitrogen / phosphorus / C/N ratio C/P ratio N/P ratio

(g/kg) (g/ke) (g/kg)

Gully 80.06 4.19 0.28 16.20 112.02 5.72

171.35 8.39 1.00 24.37 293.99 18.15

(15) 114.82 6.06 0.66 19.08 186.64 9.82

112.44 5.74 0.67 18.74 165.22 8.97

24.88 1.38 0.19 2.01 58.20 3.13

0.22 0.23 0.29 0.11 0.31 0.32

Stone cavern 35.85 1.95 0.29 4.43 79.64 5.10

151.94 15.59 0.96 41.70 344.15 25.74

(15) 73.49 5.16 0.60 17.15 129.39 8.91

63.64 3.69 0.60 15.94 99.99 6.23

30.99 3.69 0.16 8.16 71.86 6.68

0.42 0.71 0.26 0.48 0.56 0.75

Crevice 159.40 3.51 0.66 9.86 149.16 3.37

398.05 22.44 1.82 63.57 491.85 21.98

(15) 300.61 14.42 1.18 24.54 268.01 12.70

308.27 15.52 1.20 19.86 247.85 13.05

77.18 5.44 0.33 13.54 91.89 5.01

0.26 0.38 0.28 0.55 0.34 0.39

Pit 134.98 4.56 0.56 12.40 177.67 6.02

485.89 22.03 1.79 49.27 413.83 18.76

(15) 299.51 14.75 1.16 22.60 263.08 12.59

310.12 15.71 1.19 19.91 279.39 12.29

97.71 5.53 0.35 10.20 68.92 3.30

0.33 0.37 0.30 0.45 0.26 0.26

Earth flatland 46.36 2.75 0.33 16.38 97.27 5.94

135.06 6.18 0.81 22.71 245.12 12.00

(15) 81.62 4.30 0.54 18.85 157.02 8.21

75.67 3.97 0.56 18.43 149.07 8.28

22.77 0.94 0.15 2.01 48.49 1.89

0.28 0.22 0.27 0.11 0.31 0.23
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(84%) > (58.15%) > (47.80%) >
(44.06%) > (32.18%) SAOC.SAHN  SAP
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Fig.5 Determined variation of SAOC.SAHN and SAP under different micro-geomorphology
SAOC: Soil active organic carbon; SAHN: Soil alkaline hydrolysis nitrogen; SAP: Soil available phosphorus;
SAOC.SAHN SAP C:N:P
222
SAOC.SAHN  SAP ( 4 : . . .
C/P  N/P C/N
; C/P N/P o
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C/P (0.40) ; N/P
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4 R
Table 4 Ecological stoichiometry characteristics of SAOC.SAHN  SAP under different micro-geomorphology

Active organic  Alkali hydrolyzable Available

x;:’ge‘)m”mhic ?;“::i‘;im carbon/ nitrogen/ phosphorus/  C/N ratio C/P ratio N/P ratio
(mg/kg) (mg/kg) (' mg/kg)

Gully 11.04 311.58 0.71 0.02 0.88 40.93
34.18 733.82 13.66 0.06 25.07 635.72

(15) 17.82 476.69 5.85 0.04 5.39 142.27

16.38 451.36 4.94 0.04 3.54 93.63

5.82 108.53 3.76 0.01 6.24 158.99

0.33 0.23 0.64 0.27 1.16 112

Stone cavern 5.70 214.03 0.38 0.02 1.52 63.07
17.44 407.68 5.76 0.05 30.92 773.98

(15) 9.61 289.94 3.25 0.03 472 132.92

9.61 260.62 3.45 0.03 2.71 83.91

3.17 60.06 1.21 0.01 7.31 178.40

0.33 0.21 0.37 0.27 1.55 1.34

Crevice 36.31 250.17 8.58 0.05 1.95 9.51
79.03 1030.85 36.96 0.21 6.73 7232

(15) 55.65 787.21 19.80 0.08 3.21 46.68

53.40 821.18 17.15 0.07 2.89 51.43

15.10 203.00 9.41 0.04 1.29 17.83

0.27 0.26 0.48 0.53 0.40 0.38

Pit 23.50 378.56 2.03 0.04 1.84 25.97
75.47 1057.06 37.12 0.08 23.50 367.23

(15) 51.76 808.76 17.75 0.06 4.34 69.70

50.55 835.74 16.22 0.06 3.16 51.17

15.26 183.61 9.22 0.01 5.30 83.90

0.29 0.23 0.52 0.15 1.23 1.20

Earth flatland 8.19 224.22 0.67 0.03 1.66 50.52
27.41 493.58 9.77 0.08 17.00 510.69

(15) 14.00 355.46 3.92 0.04 5.10 130.37

12.10 342.16 2.92 0.04 3.86 120.17

5.14 66.93 2.56 0.01 4.04 110.33

0.37 0.19 0.65 0.38 0.79 0.85

3.1
20—21 .
22
23
C:N:P
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24—25

Gao

26
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Table 5 Comparison between this study and previous studies in spatial heterogeneity analysis of soil nutrients

/
Area and object of studied Research method Research results Characteristics of method References
/ @® TP.TK.TMg pH
; @0M.TCa AP AK - - "
Maolan Karst Peak Slope/ HE)) OM.TP
Forest soil AK
/ N
Houzhai River Basin/ S 5 5 ' 25
Soil Thickness
/ ( SL>ASFL>SGL > SoC
Houzhai River Basin/SOC AFL) >UL>GrL> ( ACLs>PF>SCL>AL) Soc 13
> >GL
/ q
1 2
The Sancha River Basin/Karst 0.672 N N
Ecosystem Services
/ @® : (9L
09%) > > > > (73.20%)
Different microlandforms of ; SOC.
Maolan karst mountain area/ ® . TN.TP ~ SAOC.SAHN. SAP C:
Soil full amount and effective (84%)> > > > (32.18%) N: P
state of carbon nitrogen and
phosphorus
TP: Total phosphorus; TK: Total potassium; TMg: Total magnesium; OM: Organic matter; TCa: Total calcium; AP: Available
phosphorus; AK: Available potassium; SL: Shrubland; ASFL: Arbor — shrub mixed forestland; SGL: Shrub grassland; UL:
Uncultivated land; GrL: Grassland; ACLs: Abandoned cropland; SCL: Sloping cropland; GL: Garden land
3.2
C:N:P 7
N 3 C:N:P C:N:P
> > 15 . 28
NN ®. CIN
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C/N>25 SOM : C/N 12 16 SOM
SOM ., C/N 16—25
COM C/N SOM
SOC . C/P
C/P
7, Cc/P <200
200<C/P <300 C/P
>300 0 N/P SOM
3 N/P <10 N 2.5 .
N/P N .
pH SOC
- pH 6—9
S 33
34
3 pH
C/N.C/P.N/P
pH 36
37
33
38 C\N\P 39—41 .
SOC TN TP ( 6).
6 SOC .TN.TP

42—43
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Fig.6 Distribution characteristics of SOC TN and TP under different vegetation types
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SOC TN
Yan “w
Co, 45
SOC TN . TP
46
o C.N.P
C/N.C/P  N/P
C/N.C/P  N/P “.
4
50%  (C/N  80%.C/P
53.57%N/P  69.33%) C/N C/P 70% N/P
36% o
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