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A Study on Pore Structure and Erosion Resistance of
Soil Column Based on CT Scanning Technology

—Taking Bahiagrass Plantation as an Example
Zhang Ting', Shi Mingming®, Li Xin*, Wang Xinjun®’, Cao Longxi'
(1.College of Ecology and Environment s Chengdu University of Technology ,

Chengdu s Sichuan 610059, China; 2.College of Earth Sciences s Chengdu University of Technology s
Chengdu s Sichuan 610059, China; 3.China Academy of Transportation Sciences, Beijing 100029, China)

Abstract; [ Objective] The relationship between soil column pore structure and soil erosion resistance for soil
columns with Bahiagrass was analyzed in order to provide a scientific basis for the optimal arrangement of
plants for soil and water conservation and to assess the benefits of planting Bahiagrass. [ Methods] This study
was conducted using long-term experiments of Bahiagrass grown in soil columns. Four pore indicators (pore
length density, bulk density, surface area density, and pore number density) of Bahiagrass soil columns were
quantified by CT scanning technology. Flushing tests using a flume with variable slopes were carried out to
quantify soil erosion resistance at three slopes (10°, 20°, and 30°) and five runoff rates (0.8, 1.6, 2.4, 3.2,
and 4.0 L./s). The relationships between pore structure characteristics and erosion resistance factors were
then determined. [ Results | Bahiagrass root system development increased during the growth period, but

decreased with soil depth. The values of four pore structure indicators in 0—5 cm soil layer were much higher
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than those in 5—10 cm soil layer, and the average soil rill erodibility (0.026 s/m) and critical shear stress

(7.0 Pa) in 0—5 cm surface layer were 0.33 and 1.54 times the values of those respective parameters in 5—10 cm

lower soil layer. [Conclusion] The pore characteristics of plant root development indicated soil erosion resistance.

The four pore structure indicators obtained by CT scanning were significantly related to factors such as rill

erodibility. The pore surface area density was most closely related to the erosion resistance factors.

Keywords: Bahiagrass; CT scanning; pore structure; soil detachment rate; rill erodibility
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Fig.4 Relationship between soil pore index and erosion resistance formed by Bahiagrass roots

AR FERI T CTHMAMHTAEERERE  CT HMEM EAB RIS WIS -
TR FLBRZ5 4 5 L PR hEE h Z MM RIF R PR MhAE h 2 E e &,

2 BN TR) 4 18 26 BT (2 1l RE 7 25 5 6 I 9% 45 S 5

Wi, FEARAF T, B 45 A XK 4 3 26 IXUR: i 4% [ 3 % x # ]

REME L IEREY) AR EH SR, REMRAR 1] @30 X0k 3K S YRR 0 5+ o
TR YA A SRR M RN - RS M Y R ) S 5 36 ZR WL R 7 3k e [0, op [ R 22 3 4 . 202036 (2)



553

TSGR T CT HR AR 1A AL BR S5 4 S BT R g ) 9 52 155

(2]

[3]

(4]

[6]

7]

(8]

(9]

(10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

26-35.
XU E PR JR IE 8, 95 55 WA AR R X 4 3 P R AROE AR
YEFAAL 1 BF 5% 18T [ 1. 7K 4 4R 45 % i . 2020, 34 (3):
267-273.
X GE M 2% B A AR FR B L IR HUR AL B ST .
K R 242, 2003(3) : 34-37.
Knapen A, Poesen ], Govers G, et al. Resistance of
soils to concentrated flow erosion: a review []J]. Earth-
Science Reviews, 2007,80(1/2):75-109.
AR, FACHE B+ e b AR R AW b 1 55 g Z
AR FFE[]]. £ 48,2016 ,48(5) : 1015-1021.
AR ), T e 3+ X R T E B I+ s A B )
AL R X AR BT .2018.36(1) :50-55.
Peth S, Chenu C, Leblond N, et al. Localization of soil
organic matter in soil aggregates using synchrotron-
based X-ray microtomography [J]. Soil Biology and Bio-
chemistry, 2014,78.189-194.
2R R/ 5 X L AR X R AL 70 Bt B b AL
BRI B [, 27 4R . 2015, 52(1) : 242-248,
JE PR, 2SO R P L S R X AT CT R 2 RE &+
Hesh kg []]. 324, 2013.50(6) : 1226-1230.
JR PR AR E L BTG SR R B E RS T AL B
ZHE B R . 3231, 2010,47(6) :1094-1100.
LB T CT 49 6 W 58 E AR R 0 1 AL B
BISZ R L) ] 7K AR IFE . 2020, 27(3) 1 315-319.
WFIE ERR EER,FARAEMNEERZ LB
AT RHAE B A NS 33 PR 9 5% i [ ]K £ OR ¥ 2 4. 2021,
35(5):94-100.
TRVE SR Bt S, 55 A B B0 BRI 5 A
(1] 80 5% 0, 2014 (1) : 25-33.
Luo Lifang, Lin H. Li Shuangcai. Quantification of 3D
soil macropore networks in different soil types and land
uses using computed tomography [ J]. Journal of
Hydrology, 2010, 393(1/2) :53-64.
Zhang Zhongbin, Liu Kailou, Zhou Hu, et al. Linking
saturated hydraulic conductivity and air permeability to
the characteristics of biopores derived from X-ray com-
puted tomography [J]. Journal of Hydrology, 2019,
571:1-10.
e SN FN 'S F I N S NIRRT 1
5 HGEREE R R PEIT )] F A 4R L 2022, 30(3)
612-621.
Doube M, Klosowski M M, Arganda-Carreras I, et al.
Bone]: free and extensible bone image analysis in
Image] [J]. Bone, 2010,47(6):1076-1079.
Nearing M A, Bradford ] M, Parker S C. Soil detach-
ment by shallow flow at low slopes [J]. Soil Science
Society of America Journal, 1991,55(2) :339.
AP e K L L N e e L o T N

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

WO R T ES B 0F 5 L) ], b oK £ AR 57, 2015 (8)
49-51.

Rvk s, S5 52, SRFB B L 5. 7Y LIy DX AR i, s [R1 A% Jm Rl 63l
HBIE A 33 T 3 2 7 g B 5 [T ] R0l TR 2 4, 2021,
37(8):108-116.

KO oA R B oF - S 8 A AR 5 O 114 S 36 A8 41
[JJoK R AR R 224, 2002(2) < 1-4.

Cao Longxi, Zhang Keli, Zhang Wei. Detachment of
road surface soil by flowing water [J]. Catena, 2009,
76(2):155-162.

Katuwal S, Norgaard T, Mpgldrup P, et al. Linking air
and water transport in intact soils to macro-porosity by
combining laboratory measurements and X-ray computed
tomography [J]. Geoderma, 2012:9-20.

T2 K, BRI, S [R) FhORL ) B A5 AR A
YR eI A& R AE M 2w [ 1. K PR RE 4L 2022,
42(3) :49-56.

FRME X ERREYH LRSS ERKFEDHET]
TG SCHE A B 2 A CH AR BE 2D . 2016,36(3) :52-58.
H B P L A 2 B 45 R [R] KR BE 5 PR R R AR
F 2S04 Ko £ K Ay OF 52 [T 1. 40 05 el 225 2022(6)
77-83.

Ghidey F, Alberts E E. Plant root effects on soil erod-
ibility, splash detachment, soil strength, and aggre-
gate stability [J]. Transactions of the Asae, 1997, 40
(1):129-135.

Nearing M A, Foster G R, Lane L J, et al. A process-
based soil erosion model for USDA: water erosion pre-
diction project technology [ J]. Transactions of the
Asae, 1989,32(5):1587-1593.

Zhang G H, Liu G B, Tang K M, et al. Flow detach-
ment of soils under different land uses in the Loess
Plateau of China [J]. Transactions of the Asabe, 2008,
51(3) :883-890.

Knapen A, Poesen J, De Baets S. Seasonal variations in
soil erosion resistance during concentrated flow for a
loess-derived soil under two contrasting tillage practices
[J]. Soil and Tillage Research, 2007,94(2) :425-440.
W AR L, 2 L AF L B D e 3 R XA ) R A
S EHEAE LR ESRRLIL K REER,
2022,42(2) :46-52.

KI5 JRIE 5. B A T b X R b A A O A 1 K ik
HLER A B 58 BE R L) 1. 300k B 2%, 2015, 32(1) : 64-70.
WAL ERL R A . B B TR 2 v R R IR B o
LRGPP [T ] 0K 2 AR B 4. 2004(2) < 1-4.
Zhang Baojun, Zhang Guanghui, Yang Hanyue, et al.
Soil resistance to flowing water erosion of seven typical
plant communities on steep gully slopes on the Loess

Plateau of China [J]. Catena, 2019,173:375-383.



