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Penetration Resistance Characteristic Model of Red Soils and Influencing
Factors

WANG Jingiang, CHENG Chaofan, TIAN Zhengchao, HE yangbo, LIN lirong, CHEN jiazhou’

(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] High soil penetration resistance (PR) limits global crop growth and sustainable
agricultural productivity. Heavy soil texture, low soil organic matter, and low topsoil water content during summer
significantly increase PR under a subtropical monsoon climate in southern China. However, the specific
mechanisms controlling these processes remain elusive. Thus, the objectives were to investigate the applicability
of various penetration resistance characteristic models in red soils with different parent materials and identify key
influencing factors, and assess the ameliorative effects of mechanical- and bio-tillage on PR in Ultisols.

[ Methods] This study investigated four red soils derived from different parent materials in China’s humid
subtropical climate, including granitic (GS), Quaternary red clayey (CS), argillaceous shale (AS), and red
sandstone red soil (SS). Key parameters measured included soil PR, water content (SWC), bulk density (p),
organic matter (SOM) and texture. We evaluated the performance of five PR models (soil water content model, soil

matric potential model, soil water content and bulk density model, soil matric potential and bulk density model,
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and saturated stress model) and identified their influencing factors in red soils, assessed the ameliorative effects of
mechanical- and bio-tillage on PR in Ultisols, and determined the PR threshold for four red soils using the least
limiting water range. [Results] Among the five characteristic models of soil PR, the saturated stress model
provided a better fit (lower SSE and higher R*) for the four red soils, followed by the soil water content model, the
soil water content and bulk density model, and the soil matric potential model. PR in red soils increased with
decreasing water content, exhibiting a sharp increase once the water content fell below a critical value (~ 0.32
cm?-cm). The PR of low bulk density soils (1.3 g- cm™) experienced a sharp increase at low water contents,
whereas that of high bulk density soils (1.5 g-cm™) showed a dramatic increase at high water contents. Soil texture
(clay content) was a primary factor influencing PR of different parent material red soils, while SOM had negligible
effects. When the soil water content was 0.25 cm?-cm™, mechanical tillage (deep tillage with 30 cm ploughing
depth) reduced PR by ~1 034 kPa in the 0~40 cm depth compared to control treatment (no-tillage), whereas bio-
tillage achieved a reduction of ~785 kPa in the same depth and reduced PR (~1 500 kPa) in the subsoil. The
critical PR thresholds of the four red soils exceeded 2 500 kPa, and thresholds for clayey red soils were higher than
those for sandy red soils. [ Conclusion] The saturated stress model proved highly effective for predicting red
soil PR in of southern China. SWC, p and texture played the primary factors influencing PR across different parent
material red soils, with clayey red soils (CS and AS) exhibiting higher PR thresholds than sandy red soils (GS and
SS). This research provides a scientific basis for identifying the occurrence of seasonal drought and rationally
selecting tillage practices for drought prevention in subtropical red soil regions of China through the lens of soil
penetration resistance.
Key words: Subtropical red soils ; Penetration resistance model ; Soil physical properties ; Tillage practices ;
Penetration resistance threshold
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Table 1 Simulation effect of five penetration resistance models in red soil with four different parent materials

ases 2Lt TR SR BELCR Simulation effect

Soil type Model  Soil depth/cm  %ZEF 51 SSE RERHR? FEAKN EBEKFP

P =pAR: 1 0~20 498 591 0.78 9 0.00

Granitic soil (GS) 20~40 1302 477 0.84 9 0.00

2 0~20 446 211 0.81 9 0.00

20~40 1224 220 0.85 9 0.00

3 0~20 458 060 0.80 9 0.00

20~40 1298 720 0.84 9 0.00

4 0~20 567 484 0.76 9 0.01

20~40 3922779 0.51 9 0.12

5 0~20 495 291 0.79 9 0.01

20~40 654 515 0.92 9 0.00

EAEREAR e A 1 0~20 709 737 0.82 9 0.00

Quaternary red 20~40 582 669 0.81 9 0.00

clayey soil (CS) 2 0~20 231064 0.94 9 0.00

20~40 447771 0.86 9 0.00

3 0~20 540 895 0.87 9 0.00

20~40 568 898 0.82 9 0.00

4 0~20 2152730 0.47 9 0.15

20~40 1236734 0.60 9 0.06

5 0~20 340 650 0.92 9 0.00

20~40 554 672 0.82 9 0.01

b AEEARE 1 0~20 1294 407 0.76 9 0.00

Argillaceous shale 20~40 2934 358 0.72 9 0.00

soil (AS) 2 0~20 1214143 0.77 9 0.00

20~40 2574534 0.75 9 0.00

3 0~20 1217721 0.77 9 0.00



20~40 2 569 346 0.75 9 0.00

4 0~20 1181590 0.78 9 0.00

20~40 7339375 0.29 9 0.36

5 0~20 1231043 0.77 9 0.01

20~40 1936 625 0.81 9 0.01

ARUEAR: 1 0~20 1815634 0.77 9 0.00
Red sandstone red 20~40 1874945 0.78 9 0.00
soil  (SS) 2 0~20 2101 694 0.73 9 0.00
20~40 1403383 0.84 9 0.00

3 0~20 1412 052 0.82 9 0.00

20~40 1414 402 0.83 9 0.00

4 0~20 3055 042 0.61 9 0.06

20~40 1858 335 0.78 9 0.01

5 0~20 1779010 0.77 9 0.01

20~40 1 875 904 0.78 9 0.01

A B, 20 30 4R 5 Rl EKE . BEER S REOKE NS E ., TR A EH DL
FARE 71 Bl 26457 . Note: Models 1, 2, 3, 4, and 5 are the curve models for soil water content, matric potential,
water content and bulk density, matric potential and bulk density, and saturated stress, respectively.
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Fig. 1 Relationship between penetration resistance and water content of red soil with different parent materials
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Fig. 2 Relationship between penetration resistance and bulk density of red soil with different parent materials
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Fig.3 The relationship between penetration resistance and soil particle composition and organic matter of red soil
with different parent materials
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Fig. 4 Effects of mechanical tillage and biological tillage on soil penetration resistance
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