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Influence of Water Temperature—Parent Material Coupling Effect on Disintegration
Characteristics of Red Soils in Subtropical Hilly Regions
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(1.Key Laboratory of Geographical Process Analysis and Simulation of Hubei Province, Central China Normal University, Wuhan
430079, China; 2.College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China)
Abstract: [Objective] To investigate the influence of the coupling effects of parent material types and water
temperature on red soil disintegration. [ Methods] Soils developed from shale, siltstone, argillaceous nodular
limestone, argillaceous limestone, and Quaternary red clay in a subtropical hilly region were selected as research
objects. Laboratory disintegration experiments were conducted on undisturbed soils to analyze the disintegration
characteristics of red soils under different water temperature conditions. Combined with soil pore structure and clay
mineral composition, the influence mechanisms of parent material-water temperature coupling effect on red soil
disintegration were explored. [ Results] Water temperature was a key environmental factor influencing red soil
disintegration. Increasing water temperature from 5 to 45 °C significantly enhanced red soil disintegration. The
disintegration rates of soils developed from argillaceous nodular limestone and quaternary red clay increased by
13.70% and 23.20% , respectively. These changes were mainly related to processes such as increased pore gas
pressure, dissolution of cementing materials, weakening of inter-particle forces, and mass transfer driven by

thermal gradients. At 25 °C, the resistance to disintegration of red soils from different parent materials ranked from
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weak to strong as Quaternary red clay<Cshale<Tsiltstone<Cargillaceous nodular limestone<Cargillaceous limestone.
Correlation analysis showed that pore structure, clay mineral volume fraction, soil organic matter, and structural
stability were key factors influencing resistance to disintegration. Redundancy analysis indicated that clay mineral
volume fraction was the key factor regulating the parent material-water temperature coupling effect, with a
contribution rate as high as 90.2%. Soils developed from argillaceous nodular limestone with high clay mineral
content were more sensitive to water temperature changes. Among them, the disintegration characteristics of soils
from argillaceous nodular limestone with high clay mineral volume fraction were more sensitive to water temperature
variations. The high disintegration rate and sensitivity of Quaternary red clay were attributed to its unique soil
formation processes and aeolian deposition characteristics. [ Conclusion] The findings reveal the key mechanisms of

red soil disintegration under the coupling effect of parent material type and water temperature , providing a theoretical

basis for developing soil and water conservation strategies in response to climate change in red soil regions.
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Table 1 Basic physical and chemical properties of soil
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Table 2 Mineral composition of soils from different parent materials

IR HREWRE/em AR/ Y% WMBHEA/% WERA/Y% PRIE/% sRA/Y 0 WIBAE/Y% RET/ %
0~20 73 11 7 5 4 — —
SH
20~40 76 8 5 4 7 — —
0~20 78 9 4 5 4 — —
ST
20~40 76 8 6 5 5 — —
0~20 43 9 2 12 11 16 7
ANL
20~40 46 8 5 10 10 15 6
Al 0~20 49 7 5 7 9 12 —
) 20~40 66 11 3 6 10 —
0~20 80 8 2 5 — 5 —
QRC
20~40 81 7 4 5 — 3 —

AR AV N A

K3 AESRLEILBEE ARG

Table 3 Pore structure characteristics of soils from different parent materials
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Fig.3 Disintegration curves of soils from different parent materials in the 0—20 cm soil layer
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Fig. 4 Disintegration curves of soils from different parent materials in the 20—40 cm soil layer
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