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Fig. 1 Overview map of the study area
a. DEM map b. Distribution of sampling points c. Remote sensing images of the study area d. Hydrogeology map of the study area
e. Gradient map by DEM f. Aspect map by DEM g. Distribution map of NDWI based on remote sensing images

h.Distribution map of NDVI remote sensing images i. Distribution map of NDVI remote sensing images
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Table 1 Judgment formula of interaction
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WS, Bk (0 Nx,)< g(x)Bg(x,)
Uk, AR q(xiNx,)< g(x) Mg (x,)
gLV q(xiNx;)= g(x)+ q(x;)

R2 AEHIHAER T pH BEITR

Table 2 Descriptive statistics of soil pH in different landforms
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Fig. 2 pH percentage of soil samples in
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I.Landform of karst trough valley II.Non-karst landform

III.Landform of cluster-peak depression
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Spatial variation of soil acidification in the karst area of northern Guangdong: A
case in peak cluster depression and karst trough valley landforms

WU Yuheng, ZENG Faming, WEI Xinghu, LIU Shujuan, HUANG Jinguo
( School of Environmental and Chemical Engineering Foshan University, Foshan, Guangzhou 528000, China )

Abstract  The process of soil acidification is very slow under the natural conditions, which generally takes decades
or even hundreds of years. However, since the Industrial Revolution, human activities have greatly accelerated the
process of soil acidification. The effect of acid rain is one of the main reasons for the process. The problems caused by
soil acidification, such as barren soil, soil quality decline, enhanced heavy metal activities and others will affect soil
microbial activities and the growth of plants, and then affect the quality of ecological environment in the whole region,
hence threating the food safety and human health. Soil acidification has become an important ecological and
environmental problem that has to be faced in the agriculture development of south China. Therefore, distribution of
soil pH is the key to control measures for soil acidification in karst areas.

In order to study the spatial variation of soil acidification in karst areas, an investigation was conducted to assess
the status of soil pH in the karst trough landform and cluster-peak depression landform in northern Guangdong located
in the acid rain area of south China. Methods such as normalized vegetation index (NDVI), normalized moisture index
(NDWI), normalized building index (NDBI), slope aspect and gradient were used to analyze the driving mechanism of
soil pH heterogeneity in cluster-peak depression and karst trough valley. The research questions are listed as follows,
(1) What are the characteristics of spatial variation of soil pH in different karst landforms and what are the main
influencing factors of the variation? (2) What are the driving factors and interactive effects of soil acidification in karst
areas?

The results show that pH values of the total soil samples range from 4.62 to 8.19 with the mean of 6.29+0.92 and
the variance of 0.85; the soil pH values in karst trough valley range from 4.62 to 8.19 with the mean of 6.38+0.95 and
the variance of 0.91; the pH values in cluster-peak depression range from 5.29 to 8.03 with the mean of 6.31+0.90 and
the variance of 0.81; the pH values in non-karst area range from 4.71 to 7.55 with the mean of 5.99+0.92 and the
variance of 0.73. Generally speaking, the average soil pH of total samples shows weak acidity, and no soil samples
with strong acidity (pH<4.5) are detected, but alkaline soil samples (pH=7.5) in some landforms are detected. The
results indicate a substantial impact of acid rain on the soil pH of karst areas and the risk of soil acidification.

According to the distribution frequency of soil pH values, the soil pH in the whole study area is mainly weakly acid
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and acid. The pH values (<6.5) of soil samples in different landforms are ranked as follows, karst trough valley
(61.0%)<cluster-peak depression (69.2%)<non-karst area (75.0%), indicating that soil acidification in the study area
has been widespread and its control is urgent.

Through the analysis of the spatial characteristics of soil pH, the variation of the mean value of soil pH presents
the following rules, (1) Distribution of the soil pH shows that soil parent materials directly affect the process of soil
acidification. Under the conditions of different soil parent materials, the mean values of soil pH are ranked as, non-
carbonate<dolomitic limestone<dolomite<limestone, indicating that the buffer capacity of carbonate rock is stronger
than that of non-carbonate rock. (2) Soil pH values in the study area increase with the rise of gradient, but the factor of
slope aspect does not show an obvious influence on distribution of soil pH. These results indicate that the influence of
the gradient factor in the study area is stronger than that of the slope aspect. (3) In the karst trough valley, the mean
values of soil pH in different land use types are ranked as, woodland>grassland>cultivated land, indicating that the
land use type, in some degree, is influential in the spatial variation of soil pH.

The karst environment is very complex. With the effect of acid rain, the soil parent materias, which may be the
key factor to control the soil pH in the study area, directly affect the process of soil acidification. But distribution of
soil pH spatial variation may be caused by multiple factors. In general, soil pH values in the study area show an
increase with the rise of gradient. The influence of gradient on soil pH spatial variation is followed by that of soil
parent materials. The interactive effect of gradient and soil parent materials shows great explanatory power for the
spatial variation of soil pH in the study area. Therefore, soil acidification control is advisably to be carried out in
northern Guangdong, and the gradient factor should be taken as one of the indicators. Besides the influence of acid
rain, other exogenous factors such as nitrogen fertilizer, and industrial and mining activities, should also be paid
attention to.

With the integration of geostatistics, the geodetector is used to further analyze the driving factors of soil pH
spatial variation and their interactive effects in the karst area in north Guangdong, based on the forecast of soil pH
kriging spatial interpolation. However, the effect of rocky desertification and the scaling effects of different sizes of
spatial statistical units on the geodetector model have not been fully explored. These limitations will be overcome in
the future research.

Key words soil acidification, soil pH, cluster-peak depression, karst trough valley, geodetector
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