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Changes of soil quality in the process of karst rocky desertification and

evaluation of impact on ecological environment
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Abstract In the karst areas of southwestern China. carbonate rock covers about 336000 km®. The geological environment is
extremely fragile, the area is also overpopulated and the economy is backward. This has led to serious land degradation in the
form of karst rocky desertification. Karst rocky desertification is a process of land degradation involving serious soil erosion,
extensive exposure of basement rocks, drastic decrease in soil productivity, and the appearance of a desertdike landscape. It is
caused by irrationally intensive land use on fragile karst geo-ecological environment. Such rapidly expanding process leads to
the diminishing of the biodiversity of the karst ecosystem and thinning the thickness of soil, which can result in environmental
disasters in the karst areas of southwestern China. Soil, as a growing media for plants, plays an important role in ecological
environment. Therefore, researches on the changes of soil quality, due to degeneration of forests and the decrease of regional
vegetation, is of great importance to control rocky desertification and to restore ecological environment of karst areas. Guizhou
province, with an area of 176000 km?, lies in the centre of the Southeast Asian karst zone. Carbonate rock is widespread and
accounts for 62% of the total land area, and karst rocky desertification is a serious problem in this region.

This paper focuses on the changes of soil quality in the process of karst rocky desertification in Guizhou province by
investigating the rate changes of vegetable coverage, land reclamation, and exposure of basement rocks, in an attempt to
understand and assess the impact of karst rocky desertification on the ecological environment. Soil samples were collected from
top soil layer (0~ 15 cm) in the vegetable-investigation areas. This work is focused on the variations of pH, and the contents
of organic matter, clay and major nutient elements (N, P, K) of the soils. Soil pHwas measured ina t 1 soil to solution ratio

using distilled water, and soil texture was determined by the hydrometer method. Available N, P, K was determined using
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diffuse method, Olsen method and flame photometry method, respectively. The results showed that, along with the
degradation of vegetable communities, the contents of organic matter and available N, P, K reduced significantly, while the
content of <0.0lmm clay enhanced- So that the potential of karst rocky desertification impacting on ecological environment
was increased, under reducing the rate of vegetable coverage and increasing the rate of land reclamation the soil quality was
obviously degrading so as to increase the intensity and the velocity of karst rocky desertification. The results also showed that
the contents of organic matter, < 0. 0lmm clay, and available N, P, K in the soils could be used as primary indices to evaluate
the changes of soil quality in the progress of karst rocky desertification and its impact on ecological environment. These indices
correlated significantly with the grades of vegetable coverage rates and land reclamation rates, but didnt correlated
significantly with the grades of rocky coverage rates.

Using these indices to evaluate the changes of soil quality, the result from cluster analysis showed three groupings in this
areaz (1) the soils with no potential impact on the ecological environment, wherein the contents of organic matter, available
N, P, K were> 100000, > 350, > 10, and > 120mg/kg, respectively, and the content of < 0. Olmm clay was 40% ~ 50 ;
(2) the soils with potential impact on the ecological environment, wherein the contents of organic matter, available N, P, K
were 50000~ 100000, 200~ 350, 5~ 10 and > 90mg/kg, respectively, and the content of < 0. 0lmm clay was 5% ~ 700 ;
(3) the soils with obvious impact on the ecological environment, wherein the contents of organic matter, available N, P, K
were < 50000, <200, <5and <90mg/kg, respectively, and the content of <0.0lmm clay was > 70% .

Key words karst; rocky desertification; soil quality; environmental impact evaluation.
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Table 1 The character of thesoils in karst rocky desertification area

Soil quality index Lands cape index
No Land use pH 0.M TN TP AK N P K < 0. 01 <0001 VD RD LD
pattern (HRO) (g/kg) (g/kg) (g/kg) (mg /kg) (mg /kg) (mg /kg) (mg/kg) mm(% ) mm(% ) @ ® ©)

1 o 7.82 147.5 8.07 1.48 305 442 10. 5 145 45. 2 23. 8 9 8 1
2 © 7.18 78.0 3.27 0 81 200 285 5.4 65 69. 9 41. 8 7 4 3
3 o 6.81 92.2 5.2 0. 44 288 350 6.8 60 65. 9 37.7 8 7 1
4 @ 7.78 48.4 2.91 039 237 223 1.4 67 79. 2 581 3 8 5
5 ®  8.02 32.8 2.36 0.43 250 189 1.9 62 69. 9 50. 5 2 7 7
6 ® 7.71 20.8 1.72 070 276 113 2.3 78 79. 5 64. 2 1 9 3
7 @ 8.02 44.2 3.29 102 300 198 3.6 85 70. 4 41. 4 3 7 2
8 @ 7.75 57.3 3.84 110 275 241 2.7 105 63. 4 37. 6 6 8 1
9 @ 7.45 42.7 3.38 1.06 318 195 5.4 70 74. 1 521 5 6 4
10 ®  8.04 39.1 2.49 0.73 272 158 2.1 90 76. 5 50. 1 4 7 5
11 @ 7.44 17.4 1.78 036 245 90 2.5 92 74. 5 50. 0 1 7 7
12 @ 7.24 198.8 10.3 1. 16 360 508 12.8 175 43. 6 22.3 9 8 1
13 ©  7.47 87.85 4.59 071 325 268 4.4 112 55.0 27. 4 7 9 3
14 o 7.60 117.2 6.70 1L 71 390 363 6.8 90 64. 3 341 8 8 2
15 ® 6.95 82.4 3.46 0 84 350 236 4.8 145 67. 2 33,2 7 4 2
16 @ 7.45 75.4 4.68 094 412 238 5.8 177 71. 2 49. 8 5 7 1
17 o 7.20  56.2 2.61 041 400 182 3.2 150 76. 5 43. 6 3 9 3
18 @ 6.49 64.5 3.38 0 46 275 214 7.2 88 71. 3 44. 1 4 6 5
19 @ 6.99 3.9 1.95 0.35 210 135 2.0 65 74. 1 48.5 5 8 3
20 @ 7.54 33.9 5.05 0091 205 203 6.0 87 80. 7 51 4 1 9 5
21 © 7.75 100.1 5.29 0 86 380 445 6.2 125 47. 6 26. 2 9 3 1
22 o 7.15 75.2 4.49 080 310 275 6.5 160 50. 2 28. 8 9 7 1
23 @ 7.28 55.8 2.75 0.88 330 178 5.2 125 68. 2 47. 1 7 8 2
24 o 6.85 54.7 2.72 0 42 400 177 4.4 185 69. 9 50. 5 6 5 1
25 @ 7.53 84.3 4.43 0.67 265 264 6.8 95 46. 6 24. 7 8 8 1
26 ® 7.49 129.1 6.85 128 365 419 9.4 115 49. 5 28. 8 9 7 1
27 @ 7.10 51.4 2.76 0.59 295 208 4.4 120 65. 9 41. 8 7 8 4
28 @ 7.12 38.1 4.57 054 260 212 2.4 145 73 4 47. 6 4 9 2
29 @ 7. 68 18.4 1.82 0.53 190 64 1.8 60 78. 9 51.7 1 8 7

* (D Brush land, @ Brush —grass land; @ Thin brush land @ Thin grass land; ® Broad-eaved forest land; © Thin broaddeav ed forest

land @ Vegetable coverage grade ® Rocky coverage grade; ® TLand reclamation grade
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Table 2 Correlation coefficients of soils quality index with the rates of vegetable cover or land reclamation
Soil quality index
Landsc
.n scape pH o.M N TP AK N P K <0.01 <0.001
index (mm) (mm)
VD - 0.246 0. 797 * 0. 654"~ 0.495 * 0.489 * 0.804 * 0.704 * 0. 402 -0 842" - 0.829 "
RD 0.197 - 0. 123 0. 056 - 0.001 - 0.204 - 0.225 - 0.130 - 0. 030 0. 150 0. 165
LD 0.203 - 0.62I'* - 0.566"" - 0.469 * - 0.598 * - 0.624" - 0.545" - 0565~ 0. 626 * 0.598 *
* p<0.05% * 5 <0.01
« 2, v (VD) ,
s . NN (RD)

) (LD)
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Table 3 The ranges of the soils quality index in karst rocky desertification ared
Soil quality index Landscape ind ex
Category
0- M( g /kg) N (mg /kg) P(mg ’kg) K(mg ’kg) <0.0lmm(% ) VD RD LD
I (i= 4) 100. = 198.8 (143.9) 419~ 508 (453) 6.2~ 12.8(9.6) 115 175 (1400 43.6- 49.5(46.5) 9(9 3~ 8(6) 1(1)
T (= 19 38 1~ 117.2( 71 4) 128 363 (242) 2.4 7.2(5.1) 606- 185 (122)  46.6- 76.5 (65.3) 9(6) 4 9(7) 52
M(n= 10) 17. 4 48.4 (32.9) 64 223 (157) 1.4 6.0(2.9 66- 92 (76) 6.9~ 80.7 (75.8) 502 6 97 2> (4
* Values in parentheses are average
’ 1
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Fig. 1 The result of cluster analysis of the soils quality
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3
(1 . . ; ,
(2 N . . s
(3) \ \ :
3 : 1 , > 10. Bo- 4o ~ 5o > 350mg/kg > 10mg/kg
> 120mg /kg, H 2 s 10. W ~ 5. G- 507 ~ 10
200~ 350mg /kg 5~ 10mg/kg > 90mg kg, ,
;003 , < 5. G- > 10 <200mg /kg < Smg kg <90mg kg,
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