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Table 1 Morphological classification of elements in soil samples and the corresponding extracting reagents
iz Uy RG]
BT A (B KRE) 25 mL 1 mol-L™ NH,Cl iE# (pH iy 7.0+0.2)
RIRER S A4 25 mL 1 mol-L™' NaAc IF¥ (pH Ny 5.0+0.2)

JEFARRES & A (A HLEE G )

50 mL 0.1 mol-L™' Na,P,0, i (pH iy 10£0.2)

AR RGBS 50 mL 0.25 mol-L™' NH,OH-HC1-0.25 mol-L ™" HC1 %
AN A 3 mL 0.02 mol-L™ HNO, Wi+ 5 mL ¢=30% %) H,0,(pH=2) +5 mL
(BT 1.6 mol-L'NH,Ac-1.6 mol-L ™ HNO, &
2 ZRENHW B, Wit . HHEEAVLR S &S A LT 32
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Table 2 Physicochemical properties of the soil in Maocun karst site and Shilai non-karst site

3 1fi/em pH BHL 1% 2 /% 2R /% LiEgkg! BEgkg
0~15 6.64+0.1 5.53+0.01 0.041£0.002  0.15+0.02 9.37+0.05 2.20+0.02
15~30 6.94+0.2 3.34+0.01 0.033+0.003  0.09+0.005 8.85+0.01 6.260.05
30~45 7.14+0.1 2.75+0.01 0.028+0.002  0.067+0.004  8.14+0.02 5.56+0.05
BRHERR 45~60 7.24+0.2 2.64+0.01 0.026+0.001  0.064+0.005  9.28+0.04 6.74%0.06
60~75 7.27+0.2 2.110.01 0.025+0.001  0.06+0.002 7.86+0.05 5.7620.01
75~90 7.28+0.2 1.89+0.01 0.021£0.001  0.047£0.001  7.49+0.05 5.64+0.04
90~105 7.31+0.1 1.27+0.01 0.021+0.001  0.036+0.001  8.10+0.04 5.6420.02
0~15 4.25+0.1 4.07+0.01 0.599+0.003  0.094+£0.005  0.35+0.02 0.68+0.01
15~30 4.20+0.3 2.79+0.02 0.517+£0.002  0.069+£0.002  0.069+0.01 0.59+0.005
30~45 4.18+0.2 2.4240.03 0.675+£0.005  0.074+£0.004  0.009+0.001 0.68+0.01
WA 575 X 45~60 4.30+0.2 1.97+0.01 0.567+0.003  0.056+0.008  0.011=0.001 0.64+0.02
60~75 4.56+0.2 1.89+0.01 0.41240.002  0.050£0.002  0.026+£0.002  0.65+0.004
75~90 4.64+0.2 1.47+0.01 0.518+£0.003  0.044+0.002  0.088+0.001 0.68+0.02
90~105 4.97+0.2 1.3240.01 0.583+0.002  0.043+0.001  7.74+0.05 0.72+0.01
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Percentages of Ca fractions in soil profiles in the karst area (a) and the non-karst area (b)

D-ERE AL &
Fig. 1

C-IFRIRRES A 2 (IMESANLA A )

A-Jon-exchange fraction (including the water-soluble fraction) B-Carbonate-bound fraction C-humic acid-bound fraction D-Fe-Mn oxide-bound fraction

E-Strong organic-bound fraction (including some sulfide) F-residual fraction
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Fig. 2 Percentage of Mg fractions in soil profiles in the karst area (a) and the non-karst area (b)

A-Ion-exchange fraction (including the water-soluble fraction) B-Carbonate-bound fraction C-humic acid-bound fraction D-Fe-Mn oxide-bound fraction

E-Strong organic-bound fraction (including some sulfide) F-residual fraction.
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Abstract The exposed karst area in the world is about 17.9 million km’, mainly distributed in China, Vietnam,
France, Slovenia, the United States and other countries. Covering a total area of 780,000 km’, the karst are in south
China is most widely distributed in the world, mainly in the most area of 8 provinces/cities such as Yunnan, Guizhou,
Guangxi, Hunan, Hubei, Chongqing, Sichuan and Guangdong. The southern karst area represented by Guilin is a
typical karst area in China, where soil is formed by the physical, chemical and biological effects of carbonate rocks in
the geological background. Due to the richness of calcium (Ca) and magnesium (Mg) in carbonate rocks, alkaline soil
rich in Ca and Mg is distributed in karst areas. But non-karst areas are primarily clastic rock, where soil mainly exists
acidic. Besides, Ca in soil is an essential mineral nutrient for plant growth and metabolism. Soil Ca and its
morphological changes affect the physicochemical properties of soil, and also affect the uptake of calcium and other
nutrients by plants. Magnesium is also an essential mineral element for plant growth, ranking the fourth after nitrogen,
phosphorus and potassium. Therefore, plants need to take in Mg, depending on the content and supply mechanism of
Mg in soil.

With a modified Tessier sequential extraction procedure, soil profiles from typical karst and non-karst areas in
Guilin are analyzed to determine different fractions of Ca and Mg,the ion-exchange fraction (including water-soluble
state), carbonate-bound fraction, humic acid-bound fraction, Fe-Mn oxides bound fraction, strong organic matter-
bound fraction (including some sulfides) and residual fraction. The migration characteristics of Ca and Mg elements in
soil from these two types of areas are explored. The vegetation type of sampling sites is mainly forest. During the
sampling, a soil profile with 1 m wide, 2 m long and 1.5 m deep was dug. The profile is stratified from the surface to
140 cm, and divided into 7 horizons at intervals of 20 cm. Then soil samples are collected from the bottom layer by
layer. A total of 7 soil samples in the limestone soil profile are collected from the depth of 105 cm at intervals of 15
cm. The results showed that in the limestone soil profile of the karst area, the pH value increases with the depth of the
profile, while the contents of soil organic matter, total nitrogen (N) and total phosphorus (P) decrease. Except the
parent material, the P content of soil is related to other factors in the process of soil formation, among which
bioaccumulation and soil formation are important. The weak migration of P, together with the limited availability of
limestone soil makes the P content difficulty to leach down from the profile, hence the P content of the surface layer is
higher than that of the lower layer. Calcium mainly exists in the exchange fraction and its content is similar in each soil
profile, while Mg mainly exists in the residual fraction. There is an accumulation when the percentage of humic acid-
bound fraction decreases with the depth of the soil profile. The maximum value of the ion-exchange fraction of Ca
occurs in the middle profile at the depth of 45-60 cm. In the karst area, Mg is mainly present in the residual fraction
(97.45%) in the limestone soil profile. But Mg content is low in the ion-exchange fraction including the water-soluble
fraction (0.61%), the carbonate-bound fraction (0.11%) and the humic acid-bound fraction , accounting for 1.80% of
the total amount in the latter three fractions.

Compared with the typical karst area, the total Ca content is lower in acidic soil of the non-karst area. The soil
profile from 0 ¢cm to 60 cm is dominated by strong organic bound fraction, and the deeper profile (>60 cm) by residual
fraction. Calcium in the topsoil in non-karst areas is mainly present in the ion-exchange fraction (including the water-
soluble fraction), the Fe-Mn oxide-bound fraction and the strong organic-bound fraction (including some sulfide). The
dominance of the ion-exchange fraction (including the water-soluble fraction) indicates the relatively high mobility of
Ca. In non-karst areas. The effective content Mg is low, mainly in humic acid-bound fraction and residual fraction.
Similar to karst areas. Mg in non-karst areas also accumulates in the soil to some extent. In conclusion, the study
explores the morphological migration of Ca and Mg in soil profiles in karst and non-karst areas, and provides scientific
support for soil improvement and risk assessment of Ca and Mg leaching in soil.

Key words limestone soils, acid soils, Tessier, sequential extraction procedure, leach
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