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The Spatial Distribution of Particulate Organic Matter Within Aggregates of
Shajiang Black Soil Under Various Straw Return Practices Based on X-ray CT
Technology and Machine Learning

DING Tianyu'’, GUO Zichun'f, WANG Yuekai?, JIANG Fahui'*, ZHANG Ping”, PENG Xinhua" °

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
2. College of Agriculture, Nanjing Agricultural University, Nanjing 210095, China; 3. College of Land Resources and Environment, Jiangxi
Agricultural University, Nanchang 330045, China; 4. Longkang Farm Co. Ltd, Anhui State Farms Group, Huaiyuan, Anhui 233426, China; 5.
University of Chinese Academy of Sciences, Beijing 100049, China; 6. Institute of Agricultural Resources and Regional Planning, Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Objective ] Protection of particulate organic matter (POM)within soil aggregates has been recognized to be one of
the principal mechanisms of C sequestration in soil. The low soil organic carbon (SOC) content of Shajiang black soil is a major
factor for limiting crop yields in the Huaibei plain. Increasing SOC sequestration by returning crop residues to the field has been
recommended. No-tillage (NT), rotary tillage (RT), and deep tillage (DT) with straw return (S) are commonly implemented. The
objective of this study was to evaluate the spatial distribution of POM within aggregates in Shajiang black soil under various
straw return practices. [ Method ] The six-year field experiment was conducted using X-ray CT technology and machine learning.
The soil aggregates (6—8 mm in diameter) were collected from depths of 0—10, 10-20, and 20—40 cm. POM is divided into two
parts: fresh residue and old POM, based on its morphological characteristics. [ Results ] Overall, the POM within aggregates was
primarily composed of fresh residues, comprising 76.4% to 87.0% across various soil layers under three different straw return
practices. The distribution ratio of fresh residues in connected pores ranged from 0.266 to 0.788, while the distribution ratio of old
POM varied between 0.177 and 0.569. There was a substantial quantity of POM was distributed within aggregates under NTS
treatment in the 0—-10 cm soil layer. Fresh residues and old POM were primarily distributed in the connected pores, with the
proportions of 0.788 and 0.569, respectively. In the 20-40 cm soil layer, POM volume density within aggregates was highest
under DPS treatment among all the treatments. Specifically, the proportions of fresh residue and aged POM distributed in the
connected pores were 0.729 and 0.536, respectively. In comparison to the RTS treatment, the NTS led to a significant change in
both the total POM volume density and fresh residue volume density by 54.4% and 56.7% within the 0-10 cm soil layer (P<0.05),
respectively. Additionally, the NTS treatment resulted in a 25.5% increase in the proportion of fresh residues in connected pores
and a remarkable 96.4% increase in its volume density (P<0.05). Furthermore, the DPS treatment resulted in a reduction of 37.4%
in total POM and 40.4% in fresh residue volume density within the 0-10 cm soil layer (P<0.05). However, there were no
significant differences observed in the total POM volume density, porosity (>16 um), or connected porosity of the aggregates
among the NTS, RTS and DPS treatments within the 10-20 cm soil layer (P>0.05). Compared with the RTS, the DPS treatment
led to a significant increase in the total POM volume density by 2.78 times within the 20—40 cm soil layer, with the fresh residue
and old POM volume density increasing by 3.10 and 1.72 times (P<0.05), respectively. Additionally, the DPS treatment
significantly increased the porosity of aggregates (>16 um) and connected porosity by 74.2% and 142.8% within the 20-40 cm
soil layer (P<0.05), while it increased the fresh residue volume density and old POM volume density in the connected pores by
9.41 times and 7.96 times (P<0.05), respectively. [ Conclusion] The substantial increase in POM volume density within
aggregates primarily stems from a significant rise in fresh residue volume density observed in the topsoil (0-10 cm)under
no-tillage, as well as in the deeper soil (20-40 cm)following deep ploughing with straw incorporation. Connected pores serve as
pivotal reservoirs for the storage and transformation of fresh residue through decomposition processes. Our findings suggest that
deep tillage promotes the formation of connected pores and POM accumulation in the deeper soil layers, which is significant for
improving agricultural soil quality and soil carbon sequestration in Shajiang black soil.

Key words: Aggregate; Particulate organic matter; Pore; Shajiang black soil; Deep ploughing with straw incorporation; XCT
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Fig. 1 Image segmentation and POM classification
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Table 1 Morphological traits of POM objects used for random
forest classification
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=
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fEFRAR . 1H POM {RFUE B 7E i 2 PE 25 5% ( P<0.05 ), Note: NTS, RTS, and DPS refer to no-tillage, rotary-tillage, and deep ploughing

with straw return, respectively. Different uppercase and lowercase letters indicate significant differences ( P<0.05 ) in fresh residues and old

POM volume density under different straw return practices in the same soil layer.

K2 JET XCT EEARA B RIRS FFIL H 730 2% 12 AR IR AT B AR FTTH POM (R B i

Fig. 2 Fresh residue and old POM volume density of aggregates in various soil layers under different straw return practices based on XCT
images.
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20~40cm DPS

JPOM Total POM

Giy e

R /A Fresh residues

IHPOM Old POM

NTS—%fkif H No-tillage with straw return; RTS—HEFA H Rotary-tillage with straw return; DPS—IR#if H Deep ploughing with
straw return. 7. SO F R HEE POM, 18 B4R IH POM, HIRIKEH 12 A 6~8 mm, Note: The green part indicates fresh POM;
and the orange part indicates old POM. The aggregate diameter is 6—8 mm.
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Fig. 3 Three-dimensional images of total POM, fresh residues and old POM of soil aggregates under different straw return practices in various
soil layers
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Fig. 4 Soil aggregate porosity and connected porosity under different straw return practices in various soil layers

WEETFAREFH. |[H POM fEE@EFLE
b

HE 6 A%, HEEMEFLEE POM 4045 1 8%
Yfn, Horp sk oAt il 0.266~0.788, 1H
POM 43455 L4 0.177~0.569; 7E 0~ 10 cm + 2,
5 ekl HAR EL, Sl B ORTIR BAAE HH 43 1) 6 o fef
BRAARAE 3% 30 AL B (4 L B4R R T 25.5% 1 24.1%,
G AR o % 36 1L B v o i e A A R 28 B I 2 4
B 1 96.4% (P<0.05), 7E 20~40 cm + /21, 5iE
B AR LG, TR B FH 32 3 1 L B v o i e 4K 1Y)
LU A5 FA R BE A3 il B e 1 1,74 F5F0 9.41 %, {H1H
POM LU 5 FIAARFR % BE 43 il 4 % 1T 2.02 £5F1 7.96 f%
( P<0.05 ),

2.3

3 3 @

ARHFFEITHHESEK POM 43 A fif % 7R 1
IH POM WiEB4y, KBk POM AR MR AN B
Horr, etk R R POM A9 EE A4y, 4055 K50 fift
SRR R IR R | FEFE . MR AR, B e
Yo RRIXT S, X RR R B LY i A %
e B AREF5Ed, 0~10 cm + 2 i #kd M ik
BT AR A fif ke A AR FH 285 357 w8 T e o I RN
L AL (P<0.05, K 2), XS&m TER#hs m
AhER RERSFFE S E LIERZE, R maik o
i EIVEMFE AT 9 POM BBURHE T S8R IR 127,

http://pedologica.issas.ac.cn



2 1 TRTAE: AFREFT i 5 20T Rb 2 8 PR A N BORLAT LIS 25 18] 70 A1 4 AE 383

0~10 cm

10~20 cm

GHlR H NTS FEHHAT RTS  BRENAT DPS

W B @EBsr ks EmPEFLBL . Note: The red part

indicates connected pores.

K5 AFEFEFFE 72T 2% )2 PR R LB M 2%
i = 4E &R
Fig. 5 Three-dimensional images of soil-connected pore network

of aggregates under different straw return practices in various soil
layers
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Fig. 6 Proportions and volume density of fresh residues and old POM in connected pores of aggregates under different straw return practices in
various soil layers
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Fig. 7 Conceptual diagram of the physical protection mechanism of

soil aggregates under deep ploughing with straw return
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