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Abstract: Macropore is the main channel for preferential flow, therefore it largely impacts the transportation
of water, air, and chemical materials in soil. Recently, it has become a focus of interest for quantitative
analysis and influencing factors of three-dimensional(3D) morphological characteristics of soil macropores,
since it could provide fundamental explanations for water soil movement patterns and groundwater pollution
assessment. This paper examines state-of-the-art research development regarding 3D morphological
characteristics of soil macropore by revisiting the concept (macropore volume, surface area, length, number,
tortuosity, inclination angle, path number, macropore diameter, node, connectivity, roundness, etc.),

quantitative measurements and software (Avizo 9.0, VG Studio MAX 2.2, Arc/Info 10.0, Image J, etc.) and
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impact factors (root system, soil animal, alternation of dry wet and freeze-thaw, human factors, etc.) of soil

macropore characteristics. On the basis of summarizing the current research status, this paper summarizes

the relevant research conclusions, and also proposes the direction of future work by reviewing current work.

Key words: CT scan; macropore morphology; geometry; quantitative method; three-dimensional(3D)
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Tab. 1 Characteristics and definition of macropores

KALBRARFAE TE X

Macropore characteristics Definition
RV AL AR AR P K FLBR A S AR AR
Volume density/(mm*-mm™) Total volume of macropores per unit volume of soil column!'*>"
RIS BT AR AR Py R FLBR A B R T AR
Surface area density/(mm*-mm ) Total surface area of macropores per unit volume of soil column!'* 2"
K AL AT ARAR 9 R FLRR ) e S bR
Length density/(mm-mm®) Total actual length of macropores per unit volume of soil column®®”)
Do 2% 5 P (B L) BT AR FR PR FLRR B S

Network density (quantity density)/(number-mm ) Total number of macropores per unit volume of soil colum

KA A2 B2 5 LA E R LU B AT 2 KAL) 25 il R L
Ratio of actual length of macropores to the length of straight lines, indicating the bending degree
20,25)

T b

Tortuosit;
y of macropores'

TR} A BE

Inclination angle/(°)

AT HCR

Number of path

REZEIRE

Average diameter of macropore/mm
WRHE

Number of node

W R EE/( - mm )

Node density/(number-mm )

ni20-241

RELBRII v 5 10 P T 0 Sy, e RFLBR A MIARHR 2

Angle between vertical direction of macropores and ground plane, indicating the inclination
degree of macropores''
T2 BB ST 1 5 325 - A Tty % e vt 1 L B I B i

Number of continuous and independent macropores penetrating top and bottom of column!
HLRLARAR N BT RSLBR LA P 1E

Average value of all macropore diameter per unit volume'®
TEFR A RSB 23 328 S R

Number of intersections connecting two macropore branches!'”)
B A A 8 Py DR FLRETTY s B

Number of macropore nodes per unit volume soil!'”!

RFLIGE 2 ) PAY 795 e ) 7 B A2 P 50, T 39 0 TR 8 P R LB B

8,20,23,25-26]

19]

1

R . o
HEARL .. Number of independent paths between two points in macropore space, and the number of
Connectivity R 1124.27]
macropores connecting the surface and bottom of soil**
1)i3 RFLBGR R T AR 10 B ) A
Roundness Degree of surface area of macropores approaching the theoretical circle™!




114 d JRER LIRS = AR AE R (K 3R RE U5 T T 11

1.1 TEXFLRHE ALESH AR KER

R 98 KL IR B R T e e ) v 5
% 2R ET AR B, (H Yt ) ik R 7 g
AT LB B E T 5, 1 KFLBR B — 8 R Fh 21,
BT YT KL ECE TR, 2 A KALER
Iy EI R A THE, T R 22 . 5508 M 2202 2 3
AT TT Al SR AL B H B, B A R AN RS 1 .
CT F$IE 7T e T = 4 55 1 o i o T F SR AL BRI
M. FTA B8R K7 iR AR T S N AR
FLBR = 4ERRAE B 9T A i LR AR 2 — R AL B 2
o RALBRFLAR 70 A0 2 5 M K 70 NS I B R 3R,
CT HfEL & A A vl K ih 5 3 A
FLBE I 212, it E — 25 Gi it KILBR B L4290 A o
CT =R H 3D WG AT AR CT B Y)m
BIE 4, BT =4 G R TH A5 1 1 58 KL IR Ak
o K ALt 2 THI AR 8 1 2 K AL B e b o 199 B T
FH, HRE 458K NBF IR KR .
12 TEXRFBEIKE . BEELZKEFHE

TR LB P B S K, AR LT, FR S
PIRFLBR K, AEKER KL LZE RN E
AR R . T IR KL S K S KL E 4K
JER LR, ARRE RALBR IS AR E . wF R,
g R FLRRF AT it R, HoK g NS RS
13 TEXABTRABE. TATE BEHE.ZE
B ERAEEE

RALBR T s E R 9 R AL ) 23 S B, 1
T JEE R R D) AL R o 24 322 3 1 e 1), S S M FR K
FL B 2 8] N P R k37 26 4% i A = 27, Smet FI]
CT X} -3 K FLBR = SR A 347 I 58 i R I 13 K
FUBRERE B Je oy T B 25t H IR Sk R = B %
S, Zhang 2559 F B CT St A [R] 42 il 48 it +- 358
KALBR = 4ERRAEREAT I E (B D, 455380 H K
B, A 1 KRFUBR AN 2.44%, (B BA E SR I
IRALRR, At 2 MRALBRE N 3.83%, & T 1AE 1,
R S PE SR I K FLER, T A 1 R 5K 5
A& AT 2 1 50 £, B OR AL R GZE S P X - 8K 40 A
B EBAVER o X KL R B2 B AT I i 2 fE
ANEEREER, H— MR, AR FLER &R 2 K
HFLAE R /N, LR /N FZ 1 KPR
FLBE R A5 0 ) R i 5, P R AT mT R AR
Z AR, G EEE PN T B LKA ) 5%
Hi Jo L P 0, R TR 2 b R g
() K FL B ST 2% 420 00 % K L D 4% ) 4 e 2
T R FLBR B 5 T S E R b, B KL
i 5 2 ) T 3 R . KL R AT A 4R R
FLBR LA B2 5 7K SF- 1T ) 9% A1, Luo %51 i 9t 36

+#1 Soil column 1 +#2 Soil column 2

5| E ik [30]. Cited from reference [30].
1 AT ) e - 39 R LB = 2 T L)
Fig. 1 Three-dimensional(3D) visualization of soil macropores

with different control measures
B, AN TR 3 R 7 2R B R 3R AL IR R 2 7 B
Fo U R AL A D 37.7°, W/
THEH 4 (42.3°)  RSLBRIE FETT ] Tk K AL
AR BIAR, BT 7 Btk — 2D B g K LR A& 1)
TR

H AT CT 34t 45 5 BB AL BB R [ — 2831 505
PRI LB 2 KL = 4ERHIE S 4L, XS4
A DR 7 1 1 3R K FLBR = 4EHRFAE, 76 M I mlm] i3 —
73 T K AL B = GE S5 F RIS 3K 3 (52 . (H
RALBE AN 00 R 24, BB S B
LR, FIRR 2 RILR =454, W
FERE A 5] 2 K055, DL NG, wEaf 3t & A0 K ALER
= HERFAE, AR SCHIE TT B E it

2 RAM=ZEHSFENENL

RALBRAE LIRS E R ZHFE, EB T
BN EE (S DEsZ N3 E 2 T N RS
CT B (R Tl 49K AT H gL s pagl 2732400,
B T8 BOPE T BRI 2 5 S5 PR, DA AR
F CT HFEH AR M KL = JEFHERF TR — 5
FFt. T CT WA, BEREEWHHT &
A 5] ] = AR A, B EE S FLAR A A A
SCHIKRE | S M DA S 73 S8 B2, R B TR A 25
%, A AT FLRR UG S S5 A4 (R AL FR 73 4T o Perret S50
W& T —Fh 26 48T 59% (26-neighbor algorithm),
TEATHE R FLBR 1 W 28 B & KR T it B2 7K
AT I L B R RO P S SRR S AL
Lindquist™ B & T —FF2 5 A6, BT 53 K5
Wi (0 FLA 23 A W0 T R 207 AT R LAR HE AR
[ . Peyton Z&™W R A X B4k CT #7712, WlE T
R IRILBR AR, FHghE R L 7 By
AR T ORFLBR S .

BEEH AR, HILT &2 =4 KB 5 i
R, MR = T BRI B AR o AR SR DA 4 B
B I 3 K ALBRAFHE S E0H R RS SR &
K KR BE AT T 81 (3R 2D Luo 1 R A 2= H



12 [T 7 N N S ZO 74 B a2 %
R2 KRILBEENES EZREEE
Tab.2 Measuring method and precision of macropore characteristics
AT AEAS A R LR AFALE I 5E K B2

Computing software Available macropore characteristics Accuracy of measurement

PR RN A B R A X T B A Y B T U LA R
Volume, surface area, length, number, inclination angle, tortuosity, number of path, number of
node, node density, diameter of macropore, connectivity, etc.

PR RTIAR. A RE L 002 2 Fo8 /800 R P L AUARHA 88 L 3 it 2 FLAR IR 5%

VG Studio MAX 2.2 Volume, surface area, length, network density/quantity density, inclination angle, tortuosity,

Avizo 9.0 Z K2 Millimeter-scale

Z K2 Millimeter-scale

diameter of macropore, connectivity, etc.

1 ok B3R BE B 12 (5] A
Arc/Info 10.0 PR o 2% 5 A o L LA BBESE

Volume, network density/quantity density, diameter of macropore, roundness, etc.

Z K2 Millimeter-scale

PRARS R L 100 2 PR/ B T R P JE 2L IR AR e o

ImageJ Volume, surface area, length, network density/quantity density, connectivity, tortuosity, number =K 2% Millimeter-scale
of path, etc.
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