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Abstract: [Objective] Inred soil sloping cropland, prolonged erosion and tillage disturbance often degrade the pore structure
in the plow layer, restricting infiltration and aeration processes and ultimately reducing crop productivity. This study evaluated
how four soil and water conservation practices, including peanuts grown in high order (CK), vetiver hedges (Vetiveria
zizanioides) (H), straw mulching (M), and their combined application (HM), affect plow-layer pore structure and quantified
the relationships between pore structure characteristics and saturated hydraulic conductivity (Ks) and air permeability (Ka).
[ Method] A 15-year field experiment was conducted on red soil sloping cropland. Intact soil cores from the plow layer were

scanned using high-resolution X-ray computed tomography (CT) to characterize pore structure under CK, H, M, and HM. Soil
saturated hydraulic conductivity (Ks) and air permeability (Ka) were measured in the same cores to assess water and gas
transport and to relate functional properties to CT-derived pore metrics. [Result] Compared to CK, HM significantly increased
macropore porosity (> 60 um), the largest connected macropore porosity, hydraulic radius, porosity of pores > 150 um, mean
pore diameter, and global connectivity by 79.0%, 113%, 30.2%, 112%, 51.2%, and 54.4%, respectively (P£<0.05). HM also
significantly increased biopore porosity and maximum biopore diameter by 129% and 80.0%, respectively (P<0.05). Straw
mulching alone (M) significantly increased Ks by 5.46% (P<0.05), whereas H and HM treatments significantly increased Ka
by 8.15% and 9.02%, respectively (P<0.05). Also, Ka was positively correlated with macropore porosity, the largest connected
macropore porosity, hydraulic radius, porosity of pores > 300 um, and critical pore radius (P<0.05). Among biopore parameters,
K. was positively correlated with biopore porosity and biopore length density (P<0.05). [ Conclusion] Long-term integration
of vetiver hedgerows (Vetiveria zizanioides) with straw mulching substantially improved plow-layer pore structure and
enhanced soil air permeability in red soil sloping cropland. These findings provide practical evidence to support optimized soil
and water conservation and plow-layer structural improvement in this region.
Key words: Red soil sloping land; Pore structure; Soil and water conservation measures; X-ray computed tomography (CT);
Air permeability
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Fig. 1 Schematic diagrams of various soil and water conservation measures
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Note: The green part, blue part (Fig. a), and yellow part (Fig. b) represent the connected pore network, isolated pores, and
biopores within the region of interest, respectively.
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Fig. 2 Three-dimensional visualization images of connected/isolated pores and biopores under different soil and water
conservation measures
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Table 1 Soil pore characteristics parameters
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Ab P . . Critical pore . Surface area

Macroporosity Connected Hydraulic Mean pore Connection
Treatments diameter density

(>60 um) /%  porosity/% radius/pm diameter/pm probability

/um /(mm? mm-3)

CK 8.30+0.67b 6.62+0.89b 43.134+0.79¢ 210.5+11.0b  109.8+10.5a  0.57+0.08b  0.030+0.001a

H 11.08+0.63b 9.75+0.81b 50.2742.12b  278.3+36.4ab  121.6+33.5a 0.74+0.04ab  0.025+0.001b

M 9.95+1.27b 8.73+1.43b  46.78+0.93bc  224.0+13.8b 133.2+1.8a  0.7140.06ab  0.270+0.001b

HM 14.86+0.70a 14.13+0.72a  56.14+£1.29a 318.8432.1a  159.9+10.2a  0.88+0.0la  0.023+0.001c

#: CK. H. M AT HM 7 AR S M, SRS E MY, MEES AR E G SEREEE G0, A
[F) /N5 BN AN R K PR e AR 2 7] 22 57 2 3 (P<0.05) . T [A]  Note: CK, H, M, and HM represent peanut contour farming,

vetiver hedgerows farming, straw mulching, and combined vetiver hedgerows and straw mulching treatment, respectively.

Different lowercase letters indicate significant differences under different soil and water conservation treatments (P<0.05). The

same below.
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Fig. 3 Pore size distributions under different soil and water conservation measures
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Table 2 Soil biopore characteristics parameters

A FLRR o B KREE L T FNIERE
fhg AL . . TR .
Biopore Length density Largest diameter
Treatments Bioporesity /% Mean diameter/pm
proportion/% /(mm-mm) /um
CK 0.28+0.02b 3.41£0.12b 4.3240.12a 333.8+60.8a 1052+130b
H 0.56+0.05a 5.11+0.42a 6.72+0.48a 533.4+182.6a 1471+349ab
M 0.32+0.04b 3.46+0.69b 5.49+0.75a 304.7+28.6a 1000+111b
HM 0.64+0.09a 4.24+0.43ab 5.81+0.98a 699.94+332.0a 1894+283a
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Fig. 4 Soil saturated hydraulic conductivity (a) and air permeability (b) under different soil and water conservation
measures
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R EBELEMIER . BT, ABHFEH K SRS S B EZE N (P>0.05), U5 K,
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Fig. 5 Correlation between pore structure characteristics and saturated hydraulic conductivity and air permeability
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