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Synchrotron-based X-ray Tomographic Microscopy Reveals Morphology and
Spatial Structure of Intra-aggregate Pores in Red Soils
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(College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: [ Objective ] The pore structure and spatial distribution of intra-aggregates in soils determine many functions of soil
aggregates and physical, chemical, and biological processes occurring in aggregate. The objectives of this study were (i) to
examine the three dimension (3D) pore characteristics of intra-aggregate pores; (ii) describe the spatial distribution of
macropores (>30 um) within aggregates, and (iii) to analyze the relation between pore structure and functions of the
aggregates. [ Method ] The 3-5 um aggregate of two red soils (named as Q4 and Q12) with different stability were used in this
study. Synchrotron radiation X-ray microcomputed tomography (SR-mCT) was used to scan the 3-5 mm aggregate of two red

soils. A combination of SR-mCT and image analysis was applied to describe the intra-aggregate pore characteristics and pore
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spatial distribution within the aggregates. [ Result ] The SR-mCT images of aggregates indicated a considerable difference in
the morphology, pore size, and pore growth direction of intra-aggregate in two soil samples. The soil Q4 was characterized by
abundance macropores, multifarious pore growth direction and pore size distribution, whereas soil Q12 by dense micropores,
and consistent pore grow direction. They have similar single pore shape, while different interconnected pore shape. The
porosities of 5-30, 50-80, and >80 pum in soil Q4 were significantly higher than those of soil Q12. The abundance of
macropores (>30 um) within soil Q4 aggregates was relatively larger in the center part of aggregate, while soil Q12 had a
uniform spatial pattern with larger in the outer part of aggregate. [ Conclusion ] The SR-mCT system could clearly describe
pore diversity and spatial variation of intra-aggregates without disrupting the aggregate microstructure, which could be
effectively to predict the function and physical processes of the aggregates.

Key words: Synchrotron radiation X-ray microcomputed tomography; Soil aggregate; Soil pore; Image visualization; Soil
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Table 1 Basic proprieties of two studied soil samples
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Fig. 1 Representative 2-D ( Aand B), 3-D images ( C and D ) and degree of anisotropy ( E and F ) of soil intra-aggregates pores by SR-mCT
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Fig. 2 3-D image of single and connected pores structure intra-aggregate pores
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Fig. 3 Pore size distribution ( PSD ) of intra-aggregate pores in soils
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Fig. 4 Spatial distribution of intra-aggregate pores ( >30 pm and <30 pm ) in soils

A T Q4 FLBR A i #R Q12 TE I, LA>30 um
ek, FLBRZS [l 531 3 ) PR R B FL R PR e
WA, BIRRZEE RGN, Rt ),
X5 P A ST R I (B (F 1),

3 45

o7 ) A5 % 5k 0 CT AR IR ik 34 R
A3 AT P AN ) RS R e ) 1 398 A SR R P S L B &
¥, AL 4G AR AR 3D JE A FIFLER 0 45 ) S . FL
A M L KN AT RN 2 [ 43 A o T Rl A B A SR
WALBE A W22 57, Q4 PIRIKSLE & A K
ZRALE, ILBESE R, S RERMETE,
B A KT 1] . A3 AR L I e, 2 E FLER
HIE MRS Q12 BIRARLLER LI/INLBR N F, 43 i
WAL, AP S Y, ERIRALBR A KR
— 3, 2% AL BRI AL D A e i
SR-mCT %5 & B AR 7 i 5 17 4 4 A R Ak v
>30 um KRFLBAAI<30 pm B 25 [ 43 A X, AR 2%
g R ) P SR A N L B 23 (] 40 A 522 30 AN [R) ) A
Ko Q4 FIRIAE>30 um FLER A L4 4T, RLApus
Pl e, 2 v ] g 5 W AT e B e Q12 TR
>30 um FLER I %4, E 250 A 78 A R ARSI
HC A AR D o FLBRES (8] 43 A0 1 3550 1 A L IR
PEREEE AT, DA P AR AL Bt 25 18] 2 A3 A X ] DAAR G-t
fife e A R ARSI MERE 2 S I I . SRk
SR-mCT 434 14 1 3R AR AL B 45 #1148
PH SR ARG MEMLEE, 5 B 70000 0 A0 - 19 A 3Rk v
{14 45 o g 3o R RN 2 ST RE o Sk A1) FH AT 3R A PN AL
Wit 4% ) >f B i -+ S g S5 RN 45 b g AR LB
PEALRL 2 A Al

S Z 3k ( References )

[1]

[2]

[4]

[6]

[7]

[8]

[9]

Ananyeva K, Wang W, Smucker A J M, et al. Can
intra-aggregate pore structures affect the aggregate’s
effectiveness in protecting carbon?[J]. Soil Biology and
Biochemistry, 2013, 57: 868—875.

Papadopoulos A, Bird N R A, Whitmore A P, et al.
Investigating the effects of organic and conventional
management on soil aggregate stability using X-ray
computed tomography[J]. European Journal of Soil
Science, 2009, 60 (3): 360—368.

Pituello C, dal Ferro N, Simonetti G, et al. Nano to macro
pore structure changes induced by long-term residue
management in three different soils[J]. Agriculture,
Ecosystems & Environment, 2016, 217: 49—58.
Kravchenko A, Chun H C, Mazer M, et al. Relationships
between intra-aggregate pore structures and distributions
of Escherichia coli within soil macro-aggregates[J].
Applied Soil Ecology, 2013, 63: 134—142.

Nunan N, Ritz K, Rivers M, et al. Investigating microbial
micro-habitat structure using X-ray computed tomography[J].
Geoderma, 2006, 133 (3/4): 398—407.

Yu X, FuY, LuS. Characterization of the pore structure
and cementing substances of soil aggregates by a
combination of synchrotron radiation X-ray micro-computed
tomography and electron
European Journal of Soil Science, 2017, 68( 1 ): 66—79.
YuXL,Peng GY,LuS G Characterizing aggregate pore

scanning microscopy[J].

structure by X-ray micro-computed tomography and a
network model[J]. Soil Science Society of America
Journal, 2018, 82 (4): 744—756.

Helliwell J R, Sturrock C J, Grayling K M, et al.
Applications of X-ray

computed tomography for

examining biophysical interactions and structural

development in soil systems: A review[J]. European
Journal of Soil Science, 2013, 64 (3): 279—297.

He X B, Feng H, Feng Z D. 3d imaging of soil
microstructure synchrotron X-ray

using computed

http://pedologica.issas.ac.cn



6 1

et s

iz R AR S WA CT fa7n 20 AT R AR N FLBRIE 25 5 23 Al 53 A

1429

[ 10 ]

[ 11 ]

[ 12 ]

[ 13 ]

[ 14 ]

[ 15 ]

microtomography[J]. Acta Pedologica Sinica, 2005, 42
(2): 328—330. [BAFEM, Hid, WIKER. T3 s
IR X om0 i s S HL = 4k PGS AL AR [T].
FHE2EHR, 2005, 42 (2): 328—330.]
ZhouH, Li W Z, Zhang Z B, et al. Characterization of
multi-scale soil structure with X-ray
tomography[J]. Acta Pedologica Sinica, 2013, 50 (6):
1226—1230. [, 230, HKelis, 5. R X 2k
CT WHot £ RUE 345 k(1] L5440, 2013, 50 (6):
1226—1230.]

Li W Z, Zhou H, Chen X M, et al. Characterization of

aggregate microstructures of paddy soils under different

computed

patterns of fertilization with synchrotron radiation
micro-CT[J]. Acta Pedologica Sinica, 2014, 51 (1):
67—74. [Z3CHE, R, MR, . FET RIS
B CT BFFEAS [R] it I 15 bt T 7K R P SR A 4 A A3 AIE
[O]. 324, 2014, 51 (1): 67—74.]

Zhou H,Peng X H, Perfect E, et al. Effects of organic and
inorganic fertilization on soil aggregation in an Ultisol as
characterized by synchrotron based X-ray micro-computed
tomography[J]. Geoderma, 2013, 195/196: 23—30.

dal Ferro N, Delmas P, Duwig C, et al. Coupling X-ray
microtomography and mercury intrusion porosimetry to
quantify aggregate structures of a cambisol under
different fertilisation treatments[J].
Research, 2012, 119: 13—21.

Kravchenko AN, Wang AN W, Smucker AJM, etal.

Soil and Tillage

Long-term differences in tillage and land use affect

intra-aggregate pore heterogeneity[J]. Soil Science
Society of America Journal, 2011, 75(5): 1658—1666.

Peth S, Horn R, Beckmann F, et al. Three-dimensional

[ 16 ]

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

quantification of intra-aggregate pore-space features
using synchrotron-radiation-based microtomography[J].
Soil Science Society of America Journal, 2008, 72 (4 ):
897—907.

Zhou H, Peng X, Peth S, et al. Effects of vegetation
restoration on soil aggregate microstructure quantified
with synchrotron-based micro-computed tomography[J].
Soil and Tillage Research, 2012, 124: 17—23.

Wang W, Kravchenko A N, Smucker A J M, et al.
Intra-aggregate pore characteristics : X-ray computed
microtomography analysis[J]. Soil Science Society of
America Journal, 2012, 76 (4): 1159—1171.

Zhao D, Xu M X, Liu G B, et al. Characterization of soil
aggregate microstructure under different revegetation
types using micro-computed tomography[J]. Transactions
of the CSAE, 2016, 32 (9): 123—129. [%4, ¥FH]
e, RIER, % F R CT AR50 R R Ak B A =0
AR ARG M RE D], A TR 4R, 2016, 32
(9): 123—129.]

Zong YT, YuXL, ZhuM X, et al. Characterizing soil
pore structure using nitrogen adsorption , mercury
intrusion porosimetry, and synchrotron-radiation-based
X-ray computed microtomography techniques[J]. Journal
of Soils and Sediments, 2015, 15 (2): 302—312.
Zhou H, Peng X H, Zhang Z B, et al. Characterization of
aggregate microstructure of paddy soils cultivated for
different years with synchrotron based micro-CT[J].
Transactions of the CSAE, 2011, 27( 12): 343—347. [J&
K, e, ki, G5 BT RS CT R A
() 1) FH 4R BR K R e AT SR AR SRS A R Al (1], ARl TR 2
i, 2011, 27 (12): 343—347]

(REHE: FHH)

http://pedologica.issas.ac.cn



