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Abstract: [ Objectives ] To reveal the temporal and spatial variability of soil pH in tobacco-planting areas in
Xiangxi, and to provide scientific basis for soil pH regulation. [ Methods ] The spatial and temporal variability of
soil pH and its impact factors in top soil of Xiangxi tobacco-planting soils in 2000 and 2015 were analyzed by
multivariate statistics and geostatistics. [ Results ] The average pH of tobacco planting soils in Xiangxi
decreased from 6.21 to 6.12 from 2000 to 2015. The low pH soil became more acid, while high pH soil kept
improving, leading to increased coefficient of variation of the soil pH in the whole tested area. Geostatistical
analysis showed that the spatial structure models of soil pH for tobacco planting area in 2000 and 2015 fit
exponential model and spherical model, respectively. Moran’s I became smaller, fractal dimension became

larger, and the nugget effect increased from 58.17% to 64.13%, indicating that spatial variability mainly
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depends on structural and random factors, and the different pH levels were interlaced in spatial distribution both
in 2000 and 2015. The area of soil pH in “very low” , “low” , “high” and “very high” levels was
increased by 2.61, 6.48, 4.39 and 0.17 percentage points, respectively, while the area of soil pH in “suitable”
level decreased by 13.65 percentage points. Exchangeable calcium, exchangeable magnesium, available sulfur,
organic matter, clays (< 0.002 mm), slits (< 0.02—0.002 mm) and alkali-hydrolyzable nitrogen were the main
factors affecting the pH of tobacco-planting soils, and these seven factors explained 83.8% of soil pH
variations. Of the seven factors, the exchangeable calcium was the main impact factor which could explain
60.6% of pH variation. Exchangeable calcium, exchangeable magnesium and organic matter were the main acid
controlling factors, while available sulfur and alkali-hydrolyzable nitrogen were the main soil acidifying
factors. [ Conclusions ] The difference in long-term application of chemical and organic materials has caused
more varied soil pH in the tobacco planting soils across Xiangxi area, with general decrease of pH suitable soil
area. The soil acid controlling factors are exchangeable Ca, as well as exchangeable Mg and organic matter, while

the soil acidifying factors are available S and N. So sulfur-containing chemicals should be carefully applied, and

nitrogen fertilizer input rate should be studied for a sustainable tobacco production in Xiangxi area.
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Table 1 Soil pH values in tobacco production soils in Xiangxi area in 2000 and 2015

AT Percentage (%)
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A4 FIE bRz cv Bi/l.\{ﬁ BRE 2 i & EE = W

Year Mean SD (%) Min. Max.  Range Very low Low Proper High Extremely high
<5.0 5.0~5.5 55~7.0 7.0~7.5 >7.5
2000 6.21 0.80  12.87 4.50 8.10 3.60 3.36 16.14 59.42 12.56 8.52
2015 6.12 1.12 18.30 4.17 8.17 4.00 20.77 16.51 34.06 10.47 18.20

bt

-0.09 0.32 5.43 -0.33 0.07 0.40 17.41 0.36 —25.36 —2.09 9.68
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Table 2 The semi-variogram models of soil pH and its parameters

el HAMHE  BER0 (%)

RIERTE

KR Nugget Sill Nugget effect e SHHERL ERIBS 5 prifidt Z {f Interpolation precision
Year Model Range Fractal dimension Moran’s I Standardized Z

C, C,+C Cy/(C,tC) RMSSE MSE
2000  Sph. 0.81 1.40 58.17 0.385 1.982 0.203 9.13 0.982 0.007
2015  Exp. 0.44 0.69 64.13 0.173 1.987 0.084 6.62 0.968 0.005
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Table 3 Area statistics and changes of soil pH in 2000 and 2015

pH 52

1 FX L ] Percentage (%)

. 2015 445 2000 451K (%)
P 2000 2015 Change from 2000 to 2015
A Extremely low <5.0 0 2.61 2.61
fi Low 5.0~5.5 3.91 10.40 6.48
T H Suitable 5.5~7.0 94.94 81.28 -13.65
1= High 7.0~7.5 1.15 5.55 4.39
M Extremely high >75 0 0.17 0.17
&4 1 pH SHIBFTEFSIEREX N
Table 4 Correlation analysis between soil pH and other properties
il 2R X WA AR AL SCHAEES SR AR
Total K Total N Total P Avail. N Avail. P Avail. K Exch. Ca Exch. Mg Avail. S
-0.151™ 0.058" 0.063" -0.081" -0.030 0.046 0.779™ 0.607"" -0.378™
3324 AL - CEC HLEDRE ARV HL ki KL
Altitude OM Coarse sand Fine sand Silt Clay
—-0.129™ 0.128™ -0.032 0.196™ 0.112" 0.105™ 0.077" —-0.228™

i# (Note) : *—P<0.05, **—P<0.01.
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Table 5 Stepwise regression analysis of soil properties contributing to pH variability

EYEi] A " RIEHE RN AR

Regression model Source of variance Adjusted R?
A 1 Model 1 Exch. Ca 0.606 0.606 0.606
7 2 Model 2 Exch. Ca, Exch. Mg 0.754 0.754 0.148
571 3 Model 3 Exch. Ca, Exch. Mg, Avail. S 0.796 0.796 0.042
BiAL 4 Model 4 Exch. Ca, Exch. Mg, Avail. S, OM 0.814 0.813 0.017
%Y 5 Model 5 Exch. Ca, Exch. Mg, Avail. S, OM, <0.002 mm particle 0.831 0.830 0.017
1% 6 Model 6 Exch. Ca, Exch. Mg, Avail. S, OM, <0.002 mm and 0.02-0.002 mm 0.834 0.834 0.003

particles

1% 7 Model 7 Exch. Ca, Exch. Mg, Avail. S, OM, <0.002 mm and 0.02-0.002 mm 0.838 0.838 0.004

particles, Alkali-hydrolyzable N
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Fig. 3 Smooth regression analysis of soil pH and its main controlling factors
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Fig. 5 Effects of parent materials and parent rocks on soil pH
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