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Abstract: [ Objective ] The highly heterogeneous soil-rock structure in the karst area of Southwest China influences
soil hydrological processes. Understanding the controlling mechanisms and driving factors of soil moisture is
therefore important for elucidating regional hydrological cycles and improving rocky desertification control.
[ Method ] This study focused on two representative lithologies, including limestone and dolomite, and,12
experimental soil tanks were simulated with different soil-rock structures. Based on soil moisture data (at 10, 20, 40,
70, and 100 cm soil depths) and meteorological monitoring data (precipitation, temperature, and humidity) during
the hydrological year from March 2023 to February 2024, statistical analyses and regression fitting were conducted
to investigate soil volumetric moisture content variation characteristics under different soil-rock structures and the
effects of soil-rock structure characteristics and meteorological factors on soil water storage capacity per unit volume.
[Result] The results showed that the soil volumetric moisture content fluctuations under different karst soil-rock
structures decreased with the increasing of soil depth, and the soil volumetric moisture content (11.07%-43.21%)
and coefficient of variation of each limestone soil-rock structure in the rainy period were higher than those in the
dry period, Also, the soil volumetric moisture content was the lowest in the 40-70 cm soil layer but relatively high
at 100 cm, and the soil water storage capacity per unit volume was jointly controlled by the soil-rock ratio (negative
correlation) and the thickness of the surface soil layer (positive correlation), with the fitting formula Z=-
24.48X+0.88Y+100.47 (R*>=0.9328). The soil volumetric moisture content in dolomite showed a narrower variation
range and remained lower than that in limestone, and the average value in the rainy period (18.36%-28.70%) was
slightly higher than that in the dry period (15.10%-25.53%). In addition, the coefficient of variation in the dry period
was higher, and the soil water storage capacity per unit volume increased exponentially with the increase of soil
thickness, producing a fitting formula Z = 13.85¢%1270-13 .26 (R* = 0.9958). The soil water storage capacity per unit
volume of limestone was significantly correlated with precipitation and relative humidity, while dolomite was only
significantly correlated with relative humidity. [ Conclusion ] This study reveals the mechanisms by which lithology-
dominated soil-rock structure configurations regulate karst soil moisture dynamics and content, clarifies that soil-
rock structure is a key factor in karst soil hydrology research, and provides data support and theoretical reference for
regional eco-hydrological research and rock desertification control.
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Fig. 1 Characteristics of monthly climate change in the study area.
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Fig. 2 Schematic diagram of simulated soil column
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Table 1 Content of major elements in limestone and dolomite of simulated soil tanks
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0.62 0.30 0.002 5420 1.08 0.08 0.0l 0.003 0.013 43.11 99.59  0.17
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SFy s}

0.25 0.25 0.01 3097 21.73  0.03 0.05 0.01 0.01 46.63 99.99  0.07
Dolomite
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Table 2 Properties of soil from the soil tank

ESR Ry ATt ) ) ) o
HE FhhL Wk bk A LR
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Bulk density Clay Silt Sand Soil organic carbon
Geotechnical
/(g €m3) 1% 1% 1% /(g %g?)
Structures
i K& Limestone 1.09£0.09 27.81£5.00 43.12+2.96 27.56+7.24 38.57+9.26
A2z Dolomite 0.91£0.15 29.85+2.33 48.61+4.93 21.544+3.50 68.00+£5.71
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surface soil cover, and 20 cm surface soil cover, respectively; 4:1LS, 4:1LS), and 4:1LS,, represent those with a ratio of 4:1; and
8:1LS, 8:1LS,, and 8:1LS,, represent those with a ratio of 8:1. The same below.
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Fig. 3 Variation of soil volumetric moisture content in limestone with different soil-rock structures.

_ %1 ams 60r  4as 60 g5
£
S a0l 40 | 40 |-
i<
c
S 20 [ 20 20
i
)
Rz 0 0 0
o — — —
e % 2118, 0 41LS,, 60 8:1LS,,
1§§4o- 40 + 40 +
ES
s O 20 20 20 |-
z
8 o 0 0
ﬁﬁ 60 2:1LS,, 0r  sus, 0r  guLs,
& 40t 40 - 40 -
&
® 20 20 20
3
0 0 0

10 20 40 70 100 10 20 40 70 100 10 20 40 70 100
+ 3R Soil depth/cm
[ 157 Dryseason[ | iiZ* Rainy season

—{— R ZCV Dry season CV —O— [ ZECV Rainy season CV

B 4 ARGICE S AW/ R IR AR E K E

Fig. 4 Rainy/dry season soil volumetric moisture content statistics for different soil-rock structures of limestone.
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Table 3 Soil water storage capacity per unit volume for different soil-rock structures/mm

Pematiik | +ZIRE Soil depth/cm ug<y
Soil-rock structure 0~10 10~20 20~40 40~70 70~100 Total/mm
2:1LS 8.23 9.75 10.46 18.42 3243 79.29
4:1LS 4.24 5.00 6.52 12.73 14.72 43.21
8:1LS 2.18 2.04 3.26 6.12 12.14 25.74
2:1LSyo 20.55 7.80 12.07 24.39 29.66 94.47
4:1LSyo 17.86 4.18 7.48 13.07 17.96 60.55
8:1LSyo 20.94 2.17 2.67 3.88 8.79 38.45
2:1LSyo 17.96 18.45 8.15 20.03 18.87 83.46
4:1LSy 23.48 22.03 5.26 8.41 12.39 71.57
8:1LSy 20.88 12.50 2.68 3.32 6.74 46.12
DSs 8.49 8.49
DSy 16.46 16.46

DS 53.68 53.68
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Table 4 Pearson correlation analysis between soil water storage capacity per unit volume and meteorological factors in different
soil-rock structures

Egetich ] e i il Lizpny R HE A
Soil-rock structure Precipitation Temperature Radiation Wind speed Relative humidity
2:1LS 0.579" -0.05 -0.271 -0.36 0.854™
4:1LS 0.581" 0.051 -0.141 -0.325 0.747"
8:1LS 0.870" 0.689" 0.522 -0.517 0.542

2:1LSjo 0.863™ 0.454 0.164 -0.547 0.761"
4:1LS ;o 0.859™ 0.451 0.224 -0.407 0.684"
8:1LSyo 0.909™ 0.544 0.316 -0.508 0.733™
2:1LS5o 0.799™ 0.459 0.179 -0.434 0.684"

4:1LS5o 0.899™ 0.742" 0.554 -0.614" 0.48

8:1LS2 0.906™ 0.583" 0.317 -0.590" 0.649"
DS;s 0.441 -0.063 -0.248 -0.073 0.643"
DSio 0.413 0.016 -0.19 -0.155 0.673"
DSz 0.428 0.013 -0.191 -0.112 0.604"

7 Note: * P<0.05; ** P<0.01.
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