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Abstract: [ Objective ] Shajiang black soil is one of the major soil types with low or medium productivity in China and is mainly
distributed in the Huai River North Plain. As the soil is high in clay content and its parent material is dominated by
montmorillonite, it suffers from swelling/shrinkage, low infiltration and strong strength. Suitable tillage is widely considered an
effective measure to improve soil structure. However, how tillage practice impacts the pore structure of Shajiang black soil is not
clear. Therefore, the objective of this study was to assess the effect of different tillage practices on soil pore structure
characteristics in Shajiang black soil. [ Method ] Intact soil columns (20 cm height, 10 cm diameter) were sampled from three
tillage treatments including no-tillage (NT), rotary tillage (RT) and deep ploughing (DP) at Longkang Farm in Anhui Province,
and then were scanned using X-ray computed tomography at a voxel resolution of 60 um, and followed by saturated hydraulic
conductivity (K;) measurement. After reconstruction of CT images, characteristics of soil macropore (>60 pm) morphology and
networks were quantified with Image analysis. [ Result ] Compared to no-tillage, rotary tillage and deep ploughing increased soil
macroporosity by 192.7% and 261.1% (P < 0.05), respectively. Rotary tillage and deep ploughing significantly increased the
hydraulic radius, compactness, fractal dimension and global connectivity of soil macropores (P < 0.05), but decreased the degree
of anisotropy and Euler number (P < 0.05). The K, was significantly improved under rotary tillage and deep ploughing. Deep
ploughing improved soil structure and K; better than rotary tillage did. A significant correlation was observed between K and
macropore structure characteristic parameters (P < 0.05), in which the connected largest macroporosity was the highest
(r=0.833** P <0.01). [ Conclusion ] Deep ploughing enhanced pore hydraulic radius, connectivity and complexity, built a good
soil pore morphology and network structure and consequently improved hydraulic conductivity and reduced structural obstacles
of Shajiang black soil.

Key words: Shajiang black soil; Deep ploughing; Computed tomography; Pore structure; Saturated hydraulic conductivity
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Fig. 2 Three-dimensional images ( 19 cm in height and 9 cm in diameter ) of soil macropores under different tillage treatments
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Fig. 4 Distribution of the number of soil macropores with depth under different tillage treatments
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Table 1 Soil macropore characteristic parameters and saturated hydraulic conductivity

RALBRE"Y KIPpEEY  BHEY MEARY SrRtiE® SREEES ElrEmocflm In(K.)/

MP/% HR/mm CP FD DA r JE“CLMP/% EN (mmd™)
HHF NT 3.70b 0.15b 1193.97c  2.54¢ 0.34a 0.32b 2.20b -28807.00a  1.01b
JEBERT  10.83a 0.22a 2568.75b  2.66b 0.25b 0.83a 9.85a —104906.00b  5.18a
WHDP  13.36a 0.19a 3565.20a  2.70a 0.26b 0.81a 12.09a —212115.67c  5.84a

T AFR/NG FRRRN ARFRIPHEA LR 22 53 83 (P <0.05). Note: Different letters indicate a significant difference between different
tillage treatments ( P < 0.05 ) MMacroporosity; (@Hydraulic radius; 3)Compactness; @Fractal dimension; GDegree of anisotropy; ©Global

connectivity; (DConnected largest macroporosity; ©Euler number.

2 2 I RALBERIE S B M N T KR A A 25
Mro FERTA REALBHFIESEh, BRTKIERSH
SHFRIES R M08 M OCAh, ARG IES 5z 16
PR BRI (P <0.05), Hr, By g%
JE L IR YER . R KILBE 2], DR
B 5T 4B 2 [ A G RE S R (P < 0.001 ), iE—

HER K IR, In(K)FBRIK T 248 Z M RE S 403
AR EMK, I HBET M SRR | R
FETE 2 SROMOEAE, FHAARAE S 802 () 35 47 7E
FIEASE (P <0.05), Horb 5% i v KL EE 1Y)
FHOCARBE B i (1=0.833%*%, P<0.01), FWFLERM
e X A AN Sk R B AR
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Table 2 Correlation analysis of soil macropore characteristic parameters and saturated hydraulic conductivity

mp"’ HR?’ cp?’ FD* DA®’ re’ CLMP”’ ENY In(K)”’
Mp"’ 1
HR?' 0.744* 1
cp?’ 0.817%* 0.427 1
FD*’ 0.800%* 0.393 0.983%** 1
DA®  —0.753* —0.640 —0.736* —0.778%
re 0.879%* 0.841%* 0.736* 0.695* —0.765% 1
CLMP”  0.983***  0.710% 0.850%* 0.833%* —0.720% 0.895%* 1
EN®’ —0.917%*  —0.522 —0.967**¥*  _0.950%** 0.728% —0.795* —0.933%** 1
In(K,)”’ 0.800%* 0.624 0.750% 0.783* —0.711* 0.678% 0.833%* —0.767* 1

Hee o, xR RIERIRTE 0.05. 0.01 A1 0.001 K- B (XU ) &2 & A, Note: *, **, *** indicate significant levels at the P <
0.05, 0.01 and 0.001, respectively. 1) KFLBRE Macroporosity; 2) /K J12¥:4% Hydraulic radius; 3 ) %% Compactness; 4) 5B 4%
Fractal dimension; 5) 45 [ 5% 142 J& Degree of anisotropy; 6 ) 4xJ& % il 4 Global connectivity; 7 ) i i 4 it KFLFRE Connected largest
macroporosity; 8) BXFi%{ Euler number; 9) #f1#15: /K% Saturated hydraulic conductivity.
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