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Abstract: [ Objective ] The plough layer of fluvo-aquic soil is shallow, while the subsoil is hard and compacted, exhibiting
significant structural obstacles. Tillage and straw return are key measures for improving soil structure; however, the mechanism
through which the combination of these agricultural practices affects soil structure remains elusive. [ Method ] Undisturbed soil
columns (20 cm height x 10 cm diameter) were collected from a fluvo-aquic soil experimental site at the Shanggqiu Station of
the national field Agro-ecosystem experimental network. The samples represented plots under rotary tillage (RT), deep ploughing
(DP), and biennial deep ploughing (BDP), with and without straw returning. X-ray computed tomography (XCT) scanning,
Image] software, and machine learning techniques were employed to perform three-dimensional reconstruction and visualization
of the soil pore structure. The effects of different tillage methods and straw treatments on macroporosity, pore size distribution,
pore morphology, network characteristics, saturated hydraulic conductivity, and air permeability were quantitatively analyzed.
[ Result ] Without straw return, deep ploughing and biennial deep ploughing increased macroporosity by 31.5% and 5.7%,
respectively, compared to rotary tillage. With straw return, deep ploughing significantly increased macroporosity by 92.9% and
68.4% compared to rotary tillage and biennial deep ploughing, respectively (P<0.05). Furthermore, the hydraulic radius increased
significantly by 53.8% and 42.9%, respectively. Compactness increased significantly by 1.5 and 2.9 times, and global
connectivity increased significantly by 12 times. Both saturated hydraulic conductivity and air conductivity were significantly
enhanced (P<0.05). [ Conclusion] Deep ploughing increased the hydraulic radius of soil pores, improved connectivity, and
enhanced pore network complexity, thereby constructing a relatively favorable soil pore morphology and network structure. This
enhanced hydraulic and air conductivity, significantly reducing the structural obstacles in fluvo-aquic soil.

Key words: Fluvo-aquic soil; Deep ploughing; Straw returning; Computed tomography; Pore structure; Saturated hydraulic

conductivity
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management methods
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Fig. 5 Three-dimensional images ( 19 cm in height and 9 ¢cm in diameter ) of soil macropores of different pore sizes under different tillage

treatments and straw management methods

6 12-29 cm 12-20 cm 20-29 cm 12-29 cm 12-20 cm 20-29 cm
FEFFANE H CK FLEZRA FEFFA M SR FLBRT
g Pore size/pum: 1 @lr Pore size/ um:
5 > 500 | > 500
NS 200 ~ 500 200 ~ 500
- 65 ~200 65 ~200
é a
4 [ ]
2 a
3 | w a | ( I
( : a
24 [ 2 tT) b 1 ? o -|— T a
. b ab T b a a a T
T T
; ! 48 Ba ! T T ab b
1 T2 a N 7 I a T & tf T
N B B a g, a 2 a4 b N b b
i N N B B L 1 lf !
0 DP_[ODP[ RT DP_[ODP[ RT DP_[ODP[ RT DP_[ODP[ RT DP _[ODP[ RT DP_[ODP[ RT

HHEALEE Tillage treatment BHEALBR Tillage treatment

TE: CK: XIM; SR: F5FTi&H; DP: #l; BDP: FEAEHEM; RT: Jedt. TH. AE/NS FREFRRARETE AR
B A B W) 22 55 5 2% ( P<0.05 ), NS R A 4b Bl 2 0] %At 31 . Note: CK: Control check; SR : Straw returning; DP: deep ploughing;
BDP: biennial deep ploughing; RT: rotary tillage. The same below. Different letters indicate a significant difference between different tillage

treatments in the same straw management method ( P<0.05), NS indicates no significant difference between treatments.

K6  AFEBHELIFAIFS AT B T BRI NLAR 1501

Fig. 6 Distribution of soil macropores of different pore sizes under different tillage treatments and straw management methods
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Table 1 Characteristic parameters of soil macropore
A3 RALBREE" SIBAERC HERERY KRR BEET SRPGETET Whr g
Treatment MP/% FD SA HR/mm CP r EN
DA
CK-DP 3.67+0.67a 044 +0.17a 2.58+0.12ab 5.21+0.63b 0.20+0.05a 117 +35b 0.11+0.12a 142200 + 100712b
CK-BDP 2.95+0.51a 047+0.19a 2.51+0.11b 6.93+0.49a 0.15+0.03a 104 +22b 0.03+0.0la 180791 +32933ab
CK-RT 2.8+0.57a 047 +0.16a 2.60+0.04a 6.61+0.34a 0.15+0.03a 202 +25a 0.08 £0.02a 261889 +45979a
SR-DP 548 £0.61a 0.53+0.10a 2.57+0.15a 7.53+0.44a 0.19+0.02a 239 =+34a 0.12+0.06a 355618 + 150600a
SR-BDP 2.66 = 0.50b 049+0.17a 246+0.2la 7.45+0.2la 0.13+0.0la 95+50b 0.01 £0.01b 245950 +21748a
SR-RT 3.11 £ 0.60b 0.47+0.09a 2.54+0.20a 7.28+0.38a 0.14+0.0la  61=x22b 0.01 £0.01b 349214 + 181878a

e ARR/NG R RN AR RASFFE B 20 AN R BFEAL B R 22 5 2 % ( P<0.05 ). Note: Different letters indicate a significant
difference between different tillage treatments in the same straw management method ( P<0.05 ). (DMacroporosity; @Degree of anisotropy;

(3Fractal dimension; @Specific surface area; GHydraulic radius; ©Compactness; (DGlobal connectivity; ®Euler number.
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A H R D TR PR AR B, AR TR A
AR B, TR R AR R BE R T T
99.5%H1 63.3% , M FI T K5 i E P T T 40.4%
M 21.1% ( P<0.05 ).
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H e AR/NG 8RR A RS AR #1730 A RIBREAL B[R] 22 57 2% ( P<0.05 ), Note: Different letters indicate a significant

difference between different tillage treatments in the same straw management method ( P<0.05) .
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Fig. 7 Soil air conductivity and saturated hydraulic conductivity under different tillage treatments and straw management methods
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Fig. 8 Correlation analysis of soil macropore characteristic parameters and saturated hydraulic conductivity, air conductivity
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