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pH Fe Mn Ca
1
1.1
()
28°19'28" ~29°2420"N  108°18'30" ~ 109°19'02"E
98.3 km 119.7 km
300 ~ 700 m
400 ~ 600 m
600 ~ 1 800 m 1 895m
260 m 1 344 mm 1 ARRIIEXERESDH
14.9°C 1131h 261 Fig. 1 Distribution of soil sampling sites in studied area
NH,OAc -KMnO, [19-20]
- [21-22]
1 3
269 386.40 hm? 52.21%
116 939.01 hm? 22.67% 2008
17.54
1.23 2013 6 133.33 hm? [23]
23 96% (24] M=+3 s
*1 BEEELHFHIR M+ 3s M+ 3s M-3s
Table 1 Land use types in Youyang County
(hm?) (%) (hm?) (%)
116 939.01 22.67 895573 1.74 SPSS17.0
K-S
3120.35 0.60 233841 045 GS+
269 386.40 52.21 5191.53  1.01 Block-Kriging
2743330  5.32 82567.16 16.00 (Co) (C+Co)
(Ao) (D)
1.2
2012 4 GPS
Kriging
350
1 [25]
0~ 20 cm
l kg
2 mm pH Fe Mn Co/(C+Cy)
Ca
1.3 <25%
pH pH 1:25 25% ~ 75%
Fe ICP-OES Mn >75% (26-271
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Mn Mn
(30 mg/kg) 81.94% Mn >30 mg/kg
12.5% Mn
20 ~ 30 mg/kg 5.56%
(28] Mn 10 ~ 20 mg/kg
Ca 6.75 cmol/kg (8.87 cmol/kg)
(5.13 cmol/kg)>Y
Ca
Ca (4 cmol/kg) 90.28%
Ca =4 cmol/kg
8.33% Ca 2 ~ 4 cmol/kg
1.39% Ca =2 cmol/kg
Fe Mn pH
45° - 0° Ca Fe
180° 45° Mn
- - Fe Mn 331
(O\Y
= CV=10% 10% CV=
5 100% CV  100% LI pH
Fe Mn Ca
2.1 pH 12.10%
2 pH 493 ~
8.03 pH 5.5 ~6.5 Fe Mn Ca
[1,31] 1.0
pH>7.5 Fe
43.92 mg/kg [32]
K-S pH Fe Mn
Fe Fe Ca
(20 mg/kg) 93.06% >20 mg/kg Prxs( ) 0.05
6.94% (10 ~ 20 mg/kg) 0.05 pH Fe Mn
Mn 54.70 mg/kg (331 Ca
2 fEREHIT
Table 2 Descriptive statistics of soil properties
CV(%) K-S
pH 4.93 8.03 6.26 6.32 0.77 12.10 0.66
Fe(mg/kg) 11.61 106.91 40.99 43.92 18.38 41.86 0.20
Mn(mg/kg) 11.69 143.88 54.72 57.40 27.47 47.86 0.55
Ca(cmol/kg) 0.41 14.70 6.40 6.75 2.68 39.70 0.15
* 0=0.05

2.2

221
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Fe Mn Ca Ay
3 pH Fe
Mn Ca  Co/(C+Co) <25% Mn
D
pH pH Fe Ca
#3 BEREMFAERIERREREXSY
Table 3 Theoretical models and corresponding parameters for isotropic semivariogram
Co C+Cy Co/(C+Cp)(%) Ao(km) RSS D
pH 0.035 0.477 7.338 0.06 0.0117 1.964
Fe 16.700 279.400 5.977 0.029 58605 1.920
Mn 39.000 685.400 5.690 0.03 85438 1.990
Ca 0.430 6.803 6.321 0.029 17.7 1.960
RSS
2.2.2 4 A, A,
pH Mn A/A>1
Fe Ca A/A=1 pH Mn
Mn Ca >1
Co/(C+Cy)<25% 8.39 8.51
8.6 km Fe 1 Fe
pH Fe Ca Cy/ pH Mn
(C+Co)  25% ~ 75% Fe
( ) Ca
( )
x4 BRFEFFERMERREREXSY
Table 4 Theoretical models and corresponding parameters for anisotropic semivariogram
Co C+C, Co/(C+Cp)(%) A (km) As(km) A/A,
pH 0.404 1.084 37.268 8.39 2.38 3.525
Fe 272.900 768.784 35.498 94.38 94.38 1.000
Mn 549.000 1950.334 28.149 8.51 1.51 5.636
Ca 6.500 18.816 34.546 8.60 1.59 5.409
2.3 46.9 mg/kg
46.9 ~ 50.0 mg/kg
34.7 ~39.3 mg/kg
[36] pH
pH Fe Mn Ca
Kriging 2 45.4 mg/kg 109.5°E
pH Fe
Fe
pH 7 Mn
pH 55~6.5 67 mg/kg
Fe 67 mg/kg 74 mg/kg
Fe 54 ~
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29.4° - fi%iFe

7.62 57.6
7.46 56.1
7.30 54.6
7.14 53.0
o 0
6.66 484
6.50 ¥ 469
6.35 454
6.19 439
6.03 423
5.87 40.8
5.71 393
5.55 37.7
5.39 36.2
523 2840 34.7
29.4°
i
sy
28.4° 4
108.2° 110.0°
EAi S 7
E2 =i pH. B3 Fe(mg/kg). B3 Mn(mg/kg)F1Z#1E Ca(cmol/kg)Zs 84 % [E
Fig. 2 Spatial distributions of pH, Fe, Mn and Ca in soil
67 mg/kg Fe
41 ~ 54 mg/kg Mn Ca
Mn Mn Ca
41 mg/kg pH Fe Mn
Mn pH Ca Fe
Mn Ca
Ca pH 5 AALMAHLER
Fe Table 5 Correlations between soil properties
6.06 cmol/kg pH Fe Mn Ca
Ca pH 1 -0.392" -0.595™ 0.466"
Ca Fe  -0.392" 1 0.367" -0.356"
7.04 ~ 7.78 cmol/kg Ca Mn 0595 0367" ! ~0295”
Ca  0.466" -0.356" -0.295™ 1
109.3°E " Pl )
Ca 532~ 242 pH Fe
6.06 cmol/kg pH Fe
pH X
2.4 Fe V1 ( 3)
24.1 pH Fe y1=103.401-9.407x
Mn Ca pH Sig=0.000 yioXx
Fe Mn Ca R*= 0.153
() pH Fe Mn Fe pH

Ca pH
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pH Fe pH Mn
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Spatial Heterogeneity of Soil pH, Available Fe, Available Mn and
Exchangeable Ca in Tobacco-growing Soils in Karst Area:
A Case Study of Youyang County, Chongqing

NONG Jinhua', LIANG Zengfang?, SHI Yonglian®, NI Jiupai'’

(1 College of Resources and Environment, Southwest University, Chongqing 400715, China; 2 Water Supplies Bureau of
Wanzhou, Wanzhou, Chongqing 404120, China; 3 Environmental Hydrogeology and Engineering Geology, Institute of
Geological Survey, Xining 810000, China)

Abstract: To provide a theoretical basis for tobacco-planting soil improvement, balanced fertilization and developing
high-quality tobacco in Karst area, this study analyzed the spatial heterogeneity and correlation characteristics of surface soil pH,
available Fe, available Mn and exchangeable Ca of tobacco-planting area in Youyang County of Chongqing by the combined
methods of field surveys, classical statistical and geostatistical methods. The results showed that soil pH was generally acidic and
available Fe, available Mn and exchangeable Ca were rich in the tobacco-planting area. pH, available Fe, available Mn and
exchangeable Ca belonged to middle variation and were relatively stable in soil with variation coefficient between 5.690%—
7.338%. The nugget effects of them were between 5.690%—7.338%, with strong spatial correlation. In the spatial distribution, pH
and exchangeable Ca were high in the west and low in the east, available Fe was high in the east and low in the west, richest from
the central to the southwest. Available Mn generally was low in the middle, but high around the periphery. pH had significant
negative correlations with available iron and Mn, had significant positive correlation with exchangeable Ca. Overall, the nutrient
elements belonged to middle spatial variability and had strong spatial correlation in the study area.

Key words: Karst area; pH; Medium trace element; Spatial heterogeneity



