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Table 1 Statistics of soil macropore parameters

Frifiiz

RALBSHL wAME EORME 9ME Standard i g Jig K-SHi 4

Macropore parameters Min Max Mean deviation Skewness  Kurtosis K-S test

KFLBRE Macroporosity/% 0.89 1526  5.39 0.13 0.47 0.02 N (0.09)
KALBE Count 11.00  110.00 46.35 0.89 0.78 1.24 NN (0.05)
M4 {42 Equivalent diameter/mm 1.49 7.47 249 0.04 2.54 10.00 NN (0.00)

A5 ZRoundness 0.66 095  0.84 0.00 -0.20 1.10 N (0.25)
FASKALBR P-4 1 FlMean size per macropore/mm®  1.60 9.15 3.77 0.06 1.15 1.84 NN (0.01)

Ee (1) BEARKCN358; (2) N NIESIME, NN OHARIERME, 55 WEHEA K T0.05, RRBHRTORAT G IEA I Note:
(1) The number of samples is 358; (2 ) N stands for normal distribution and NN for non-normal distribution. If the value in the

brackets is > 0.05, it means that the corresponding data conforms to normal distribution

x2 FAEMEFHELRXIESHHOZERR

Table 2 Multiple comparisons of soil macropore parameters relative to terrain

HuJE FEALL KALBRE KALBR L Bl Ak IPEIES A RALBET- A
Terrian N Macroporosity Count Equivalent diameter Roundness Mean size per macropore
VA& Gully bottom 120 497b 46.33 b 3.16a 0.83b 3.56b
V% Gully costa colpi 118 521b 3849 ¢ 2.16 b 0.85a 3.77 ab
Hiith Damland 120 5.98a 54.09 a 2.12b 0.84a 3.99a

. NEFHARFFERZERBZE (P<0.05) Note: Different lowercase letters indicate significant difference at level of 0.05

ST R ERALBE A NN iR, BB E R TS WA 2 4+ RFL IR
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Hr 3 4.97%M5.21%, Wit HE AL AR % AR A TR EESUE F IR, HHZER
TR S, WK TIERALBEC S X AME A7EP<0.057KF I W38 o = Fh P T3 KALBRAFAE
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Table 3 Multiple comparisons of soil macropore parameters relative to soil layer
S TR A% RALBRE KALBEL MR pEES FASRALB T 2 AR
Soil layer Depth range/mm  Sample size =~ Macroporosity Count Equivalent diameter Roundness Mean size per macropore

L1 10 ~ 50 63 589a 46.41 a 2.54 ab 0.83 b 422a

L2 52 ~ 100 75 4.52¢ 40.94 b 2220 0.85a 335¢

L3 102 ~ 150 75 5.11 be 47.12a 225b 0.85a 332¢

L4 152 ~ 200 75 587a 50.80 a 2.67a 0.83b 3.84b

L5 202 ~ 250 70 5.63 ab 46.47 a 2.77 a 0.83b 423 a

T AFE/NEFRRRZEREE (P<0.05) Note: Different lowercase letters indicated significant difference at level of 0.05
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Fig. 2 Variation of soil macroporosity with depth relative to terrain ( bottom, costa colpi and damland )

R4 FREMEFHET RN =S

Table 4 Three-dimensional characteristics of soil macropores relative to terrain

. o T FLBR P R T AR 93 S RUVE A R
Connectivity density/ Bone surface/ Branches density/ Junctions density/
Terrain Connectivity , N 5 5
mm mm mm mm
¥4 )i Gully bottom 17 210 0.017 3 4 660.00 0.013 2 0.001 7
V4% Gully costa colpi 3809 0.003 9 566.90 0.006 6 0.001 2
Yl Damland 3344 0.003 4 1 410.00 0.003 0 0.000 4

FCAL B EE 55 AL BRRN B AN AL BRSP4 T LR
BB EAEE R (P<0.01) , BEHIRFFEIX 44k
FLBR % ik, 345 U075 S 5 L) b 55 498 - g
T EMS R RS, KIS RS B R
FHAE (P<0.05) , SHAITACR 20 8% Ukl
oo X H %4 U SE K A 2E B R X = 0 A X %
MR AR FL R AE T R, 45 R 39 N 5k

RELLAR > 1.0 mm 1 FL B2 52 B 1 4R 1 6
Z. BRI R, ORI K KRS -
LBE SR SKEEG B ENEMEER, 51
WEERAR], AWFFE R AL BEL S 1A T oK 2 )
BEOMER, BRTAHEL AT W Ahmad "
XTI Skuterud i 8 J5OIR £ ATCT /0, H5E K
BAEAS D LIERALBRSE 0D, RIERA KR %
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Fig. 3 Soil particle size distribution and saturated hydraulic conductivity relative to terrain
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Table 5 Pearson correlations of macropore parameters with soil texture and saturated hydraulic conductivity

B IALER kL ki

KAL KAL Eln .
) N i P ES g L s/ AR BRaR
(7953 583 HiE , ,
) ) . Roundness ~ Mean size per Silt Sand  Clay content
Macroporosity  Count  Equivalent diameter
macropore content  content
KALB £ Count 0.76"
M EE
Equivalent -0.11 0.14
diameter
1 [# % Roundness -0.61 -0.70 -0.70
HAS KA1
T
0.89" 0.42 -0.23 -0.41
Mean size per
macropore
KL R Silt .
-0.16 0.02 0.79 -0.57 0.07
content
VPR fitSand B .
0.21 0.06 -0.75 0.51 -0.28 -0.99
content
BRIy it Clay .
-0.50 -0.84 —-0.33 0.60 0.29 -0.01 —-0.08
content
U IS/
Saturated » N
-0.53 -0.94 -0.06 0.52 -0.11 0.02 -0.09 0.76
hydraulic
conductivity

e "EORTE 0.05 KV EBIE, THRRAE.01 K B Note: “and " indicate significant difference at the level of 0.05 and 0.01,

respectively

http: //pedologica. issas. ac. cn



5 BRTALAE BV AR DR R AR AL L SR AL BRI 5T

1105

RHiaAfLREE, RILBESHESHEEZ W
AR T KRR TRUFN 7K 38 S ke 1= B8 i A8 FFe K
RE 1, RS S RHOK RS E, ATm
AIF T 235 5 U B R AL BV AIF A R 1 AN 7K R A8 R 1
JIA R AN, TR T, Andersons !
AWUFR H A A R —K, BUES 5 AR
22 T AT 1 )5 V0 A IR A R T R
FE, AT AT AN B R e . X R AL
BRECS AN S OR EA  E ARSE G R, WIS 4k
e 25 R R g itk — b e

F R AL Y o B AR S R W ARG,
SRR R E AR AN, ARTFSTRIR RS Y
HEHARNMAHEKER (P>0.05) , &FEH 3 RTL
It 140 % [52 23R 47 it 214 7 A 0 8 RIS, AE —
JE LRl R R ALBR B AR AR, HIB SRR E 2% .

3 4 ik

FEBRAC B+ 70 BX, YIIEIAIK . I8 2R 30
SR HIE SR RIERALIR S HO B B
Hor U R ALBREE . RALBRECR B AN AL B P24 i
T 2508 TR A 2, M HARL ~3 mmiR
FLBRT 5 HeBA80% LA I, 3X 5 1Eq) + Fiabige +
Wh IR o R A G o T IFEFL B S B0 R B 1) 28 Ak
W EA—EMA, AR L2 LRSS
E, 52~100 mm b )2 KA . KALBR%L . ik
B AR AL B 2 T R I T A 12
AL BB 3 2 e T A R [, RAL
B RO T RS BRI A SR R B,
HRFLBRECH L, Bk ik, mmsKED
/N 5 TR A 8 L Bt 1) 3 3 M ) % R 300 b B
If o MWRFLBRI LR E - T8 S FNTA 2k 3 1 AL
Wt 18 A2 A AR R AR RS, S+ 5 Y R AL
st 3 U2 e T R R BURK 0B i I VE

B W BHERIAAATHEELER
SRR 6O

2 % XM

[ 1] HuX, LiZC, Li XY, etal. Influence of shrub
encroachment on CT-measured soil macropore
characteristics in the inner mongolia grassland of

Northern China. Soil & Tillage Research, 2015,

(2]

[4]

(5]

[6]

[7]

[8]

[9]

150: 1—9
Li T C, Shao M A, Jia Y H. Application of X-ray
tomography to quantify macropore characteristics of
loess soil under two perennial plants. European Journal
of Soil Science, 2016, 67 (3) : 266—275
TR, BWAR, BREA, %R RE
B EE AR AR, 2014, 34 (21) ¢
6287—6296
Wang E H, Zhao Y S, Xia X Y, et al. Effects of
freeze-thaw cycles on black soil structure at different
size scales (In Chinese ) . Acta Ecologica Sinica,
2014, 34 (21) : 6287—6296
AR, BEM, RAK. b RO T
FLBRE 0T, P ERA . MRS, 2010 (2)
223—231
Zhao S W, Zhao Y G, Wu J S. Quantitative analysis
of soil pores under natural vegetation successions on
the Loess Plateau ( In Chinese ) . Scientia Sinica
Terrae, 2010 (2) : 223—231
Weiler M. Macropores and preferential flow—A love -
hate relationship. Hydrological Processes, 2017, 31
(1) : 15—19
Menichino G T, Ward A’ S, Hester E T. Macropores as
preferential flow paths in meander bends. Hydrological
Processes, 2014, 28 (3) . 482—495
gk, MROMERE, TS B RALBRRRIE AL
BRIEHETE. K A, 2003, 17 (4) @ 168—171
Zhang J F, Lin X C, Wang W Y. Characteristics
of macropore and macro-pore flow in loess soil (In
Chinese ) . Journal of Soil and Water Conservation,
2003, 17 (4) : 168—171
AR P EE AL RS, PEB: B
B, 1987, 17 (12) : 1309—1318
Lei X Y. The loess collapsibility and pore types in
China (In Chinese ) . Science in China: Series B,
1987 (12) : 1309—1318
BA, TEIIRE, XU, 45 R BCTHIZEA R R B
P S A Y b P R AR SR A R R E . Al TR 25 4
2016, 32 (9) : 123—129
Zhao D, Xu M X, Liu G B, et al. Characterization
of soil aggregate microstructure under different
revegetation types using micro-computed tomography
(In Chinese ) . Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32 (9) : 123—129
FEIM, fRAERE, T, . MR R s
FHOF L ERALBR AR AR A s . RSB, 2014,
25 (6) : 1578—1584
Gao Z X, Xu X X, YuM Z, et al. Impact of land

http: //pedologica. issas. ac. cn



1106 S 2 ¢ 55%
use types on soil macropores in the loess region (In grassland (In Chinese ) . Acta Pedologica Sinica,
Chinese ) . Journal of Applied Ecology, 2014, 25 2015, 52 (1) : 242—248
(6) : 1578—1584 [16] WA, HbRal. CTHRMME £HERFLBI . KBE

(1] ERUE, S5, Bkt SRR R X 4 3wk J&, 2002, 13 (5) : 611—617
FLBRRFIE RS2 . 2%z, 2014, 51 (3) ¢ 490— Feng J, Hao Z C. Distribution of soil macropores
496 characterized by CT (In Chinese ) . Advances in Water
Wang E H, Lu Q Q, Chen X W. Characterization of Science, 2002, 13 (5) : 611—617
macro-pores in mollisol profile subjected to simulated (171 XIH2%, ZPF, RWUF, 5 =R KRR AL
freezing-thawing alternation ( In Chinese ) . Journal of B AR AE B S A K R A5 . A A 2EdR, 2016, 36
Soil Science, 2014, 51 (3) : 490—496 (11) : 3189—3196

(121 JEE, Z&4E, BiaR, & KSEPHERG T -5 LiuM X, WuD, WuS P, etal. Characteristic of soil
LB Z E TR ARE. LA, 2010, 47 (6) - macropores under various types of forest coverage and
1094—1100 their influence on saturated hydraulic conductivity in
Zhou H, Li B G, Lui Y Z, et al. Multifractal the Three Gorges Reservoir Area (In Chinese ) . Acta
characteristics of soil pore structure under different Ecologica Sinica, 2016, 36 (11) : 3189—3196
tillage systems (In Chinese ) . Acta Pedologica (18]  BRskbe, #ifl4e, Sefeil. K IX E2KAE R
Sinica, 2010, 47 (6) : 1094—1100 FLBR R S 2w R WE 5. L3274, 2006, 43

[13] 23U, R, PR, 45, 3T 4R 0 B CTof (3): 181—183
FE AN [ it B 45 i 7K A A P SRR G S A e iF . 32 Chen X M, Huang D A, Wu H S. Characteristics
ik, 2014, 51 (1) : 67—74 of macropores and their affecting factors of major
Li W Z, Zhou H, Chen X M, et al. Characterization paddy soils in Taihu lake region (In Chinese ) . Acta
of aggregate microstructures of paddy soils under Pedologica Sinica, 2006, 43 (3) : 181—183
different patterns of fertilization with synchrotron [19] Ahmad M A. Quantifying relationships between x-ray
radiation micro-CT (In Chinese ) . Acta Pedologica imaged macropore structure and hydraulic conductivity.
Sinica, 2014, 51 (1) : 67—74 Uppsala: Swedish University of Agricultural

[14]  JE, ZHte, kb, % ETRLEFMCTISR Sciences, 2016
S TR A A B K e - T SR AR B R R AIE . Al TR 27 [20] 255, #REAZE, sk 5. BRI RE A E
fie, 2011, 27 (12) : 343—347 RO T K 58 VR BAFAE. K L PRS2 4R, 2004,
Zhou H, Peng X H, Zhang Z B, et al. 18 (3) : 53—56
Characterization of aggregate microstructure of paddy Zheng J Y, Shao M A, Zhang X C. Spatial variation
soils cultivated for different years with synchrotron of surface soil’ s bulk density and saturated hydraulic
based micro-CT (In Chinese ) . Transactions of the conductivity on slope in Loess region ( In Chinese ) .
Chinese Society of Agricultural Engineering, 2011, Journal of Soil and Water Conservation, 2004, 18
27 (12) : 343—347 (3): 53—s56

[15]  Z=52#8, SHE. /D88 XS JLIE AL % 3B Ak v 5t o s [21] Anderson S, Wang H, Peyton R, et al. Estimation

LIEFLBR AR AR . AR, 2015, 52 (1) -
242—248
LiZ C, Hu X. Effects of shrub ( Caraganamicrophylla

Lam ) encroachment on soil porosity of degraded sandy

http: //pedologica. issas.

of porosity and hydraulic conductivity from X-ray CT-
measured solute breakthrough. Geological Society,
London, Special Publications, 2003, 215 (1) :
135—149

ac. cn



5 BT . B VA B DO [R] i A S AL B AR HE IS 1107

Characteristics of Soil Macropores in the Gully Area of Loess Plateau as Affected
by Terrain

JU Xinni' JIA Yuhua"*" GAN Miao' JIN Shan' XIAO Bo’
(1 College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China )

(2 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China )

( 3 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract [ Objective ] Soil macropores play an important role in hydrologic processes, such as
rainfall infiltration, runoff occurrence, soil water movement and sediment deposition. As soil erosion varies
with terrain (bottom and costa colpi of gully and the damland) in generation and development process,
the soil forms under soil erosion vary too in soil texture and soil porosity. However, so far little has been
done on effect of terrain on characteristics of soil macropores. [ Method ] In this study, undisturbed
soil columns were collected at the three different landforms for analysis of macroporosity and rules of its
variation with terrain and soil depth using the computerized tomographic scanning method. [ Result] (1)
Terrain did have a significant effect on macropore parameters. Damland was much higher than gully bottom
in soil macroporosity, number and roundness of macropores and mean areca per macropore. However, the
effect of terrain on macropores was lower than that of vegetation as documented in previous studies. (2)
Macropores also varied significantly in parameter with soil layer (50 mm each). Mean macroporosity and
variation coefficients of the macropores in the soil at costa colpi varied sharply around the depth of 102mm.
Macroporosity in the soil at the bottom of gullies fluctuated slightly, but did more significantly in the upper
layer than in the lower layer. However, in the soil of damland, macropores varied in a similar trend in the
upper and lower layers. (3) Soil macroporosity was significantly or extra-significantly and positively related
to the number of soil macropore number and mean size per macropore, while the number of macropores
was significantly and negatively related to clay content and saturated hydraulic conductivity. Equivalent
diameter of the macropores was positively related to silt content and negatively to sand content. And (4)
the macropores in the bottom of gullies were much higher in pore connectivity than those in the costa colpi
and damland. From the point of view of reasons of the formation of macopores, those in the bottom and
costa colpi of gully were formed under the impact of plant root systems, while those in damland were under
the impact of long-term sedimentation and water infiltration. [ Conclusion ] CT scanning showed that the
differences in characteristic between soil macropores in the bottom, costa colpi and damland of gullies may
be attributed to soil erosion and deposition processes.

Key words Loess Plateau; Gully; CT scanning; Soil structure; Soil pore
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