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Permeability of root-soil composites of three typical herbs and its
influencing factors in loess hilly region of southern Ningxia
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Abstract: [Objective] This study aims to clarify the permeability of herbaceous root-soil composites and its

relationship with roots and soil in the loess hilly region, and to explore the differences, processes, and influencing
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factors of permeability among typical herbaceous root-soil composites, thereby providing a scientific basis for the
configuration of herbaceous species in local ecological restoration and the evaluation of soil and water conservation
functions. [ Methods ] In the loess hilly region of southern Ningxia, root-soil composites in the 0—20 c¢m soil layer
of three typical herbaceous species (Thymus mongolicus, Potentilla acaulis, and Stipa bungeana) were studied.
Laboratory permeability tests were conducted using the cutting ring method, and root and soil characteristics were
simultaneously measured. [ Results] (1) The soil physicochemical characteristics of the root-soil composites of
different herbs in the study area differed. Thymus mongolicus had high soil organic matter content (2.48%) and
finer soil particles (clay and silt content 64.10% ). Potentilla acaulis exhibited the best-developed soil aggregates
(R-p25mm> 70.05%). Stipa bungeana had the largest soil bulk density (1.16 g/cm®) , and lowest contents of
organic matter (0.74%), porosity (55.41% ), and aggregates (43.06%). (2) In the 0—20 cm soil layer, the root
length density, root surface area density, root volume density, and specific root length of the three herbs across
different diameter classes were 0~10.79 ecm/cm?, 0~78.71 mm?/cm®, 0~7.57 mm®/cm®, and 19.42~84.05 m/g,
respectively. The root length density and root surface area density of roots with diameters of 0~0.5 mm for all
herbs accounted for 50.5%~90.9% of the total root system. Thymus mongolicus had a large number of fine roots
with dense distribution, which decreased gradually with increasing soil depth. The variation range of its root length
density was 52.9%~92.9%. Potentilla acaulis had relatively coarse and fewer roots, while Stipa bungeana had
few coarse roots but the largest specific root length. The variation range of root length density for both species was
34.8%~89.6% . (3) The permeability of the three herbaceous root-soil composites followed the order: Potentilla
acaulis> Thymus mongolicus™ Stipa bungeana. The permeability indicators showed the characteristics of initial
infiltration rate>>average infiltration rate>stable infiltration rate. The Kostiakov model accurately simulated the
infiltration processes of the three root-soil composites (R*>>0.890). (4) The permeability of the root-soil
composites of the three typical herbs was closely related to soil and roots. For Thymus mongolicus, permeability
was primarily influenced by soil porosity, organic matter content, silt content, root biomass, and fine roots with a
diameter of 0~2.0 mm. For Potentilla acaulis, permeability was primarily influenced by soil porosity, organic
matter content, root biomass, and fine roots with diameters of 2.0 mm and 0.5~1.0 mm. For Stipa bungeana,
permeability was significantly influenced by soil clay content, and roots with diameters of == 2.0 mm and 0~0.5
mm. [ Conclusion] The permeability of the three herbaceous root-soil composites differs. Both soil properties and
root characteristics are key factors affecting the permeability of the composites, with the influential indicators
varying among different herbs.
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Table 1 Basic information of sample plots
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Table 2 Soil physicochemical properties of different herbaceous types
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Fig.1 Root distribution across different diameter classes in herbs
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Fig.2 Variations in infiltration rate over time for root-soil

composites of different herbs
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TR H R RS R N0 E S 0—5 em 5 H Al
+ 225 W F(»p<<0.05),5—10 cm 55 10—20 cm 22 57
AR E  FIABHERINLEEZRYALE .
233 FAEEAKLEISACASITENS KAM
TR 452 G R B 3R () B[] Co) 1) A2 Ak R
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Bl o AR AR EEZR KX >HEF> KR,
PIA LR e R IE . oEREN
SiRA BARK, HKOE R B, ML BR I &
BREZRERTAHRET, 5EBENA —E L7,
Horton £ A1 i #8145 45 2R 5 3l F & 30 6 AL AR DL, 90 4R
AB R[5 ISR — 3 B e A B 4
55z BrE MR 45 . Kostiakov 55 8 3L 4 1 a, (B R
2.900 4~4.046 6, H a ([HEXH N EBEZREHE > HEF >
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Fig.3 Permeability of root-soil composites of different herbs
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Table 3 Fitting results of infiltration process for root-soil composites
ilip 45 25 S P 25 W A 0
—— Philip F #! R

S A R’ a b n R’
HHEF 1.8339 2.8316 0.9190 2.6344 1.0534 0.4784 0.9686
BEERKX 1.2834 3.5506 0.9434 3.4643 0.6943 0.5811 0.9702
KiH 0.8619 2.5600 0.8862 2.4543 0.5041 0.4475 0.9306

1 il il
— Kostiakov #& #4 Horton £ #4

a, b, R o 1 £ R’
H A 3.5659 0.0668 0.9186 3.7097 0.4793 0.003 0.5991
RERKE 4.0466 0.0376 0.8946 4.1777 0.3485 0.002 0.5857
KU R 2.9004 0.0361 0.8909 2.9855 0.2266 0.002 0.6465

24 REIEEHEEHEZMEFIH

241 XHEAHFEHEMGXFE RS TR
FEVEEE VTR G 101 BN 7 5 2 3 48 br dE 47 AH 5GP 53
BT, B BRS2 WAN BE E8 AR R 45 2R WoR (R4 . 5) . 0—
5cm - ZE B, BB A HLE (Soil Organic
Matter, SOMD & & 5 + 52 5 K& 1% P45 48 05 (6,
Joo S5 2 (p<70.05) 5 il i & (p<<0.0DIEAHC , 3k
B fLEE (Non-Capillary Porosity, NCP) 5 %218 i#
RLCFHAB R LR BFEMKE ., 10—20 em £)2
i, £ 3R RSO AR (Sand) 7 i 518 5 M 45 16 bR
fonfis £ 57 ) 52 0 35 SR OC | B 35 TE A OC , U W] X 3%

FEArIEANE e, EBEAREER, AR
WEEGERBEEER., 2 LIETZHOR®RZE,
Wk R EE SRS EEBR ., RBERER 00—
5em + 2 SOM 5 EEE KB E XS EIE
A6, £ 345 8 (Bulk Density, BD)5 £ i & ikl 56
5—10 ecm + 2 T4 FL B & (Capillary Porosity, CP)
5 £ 3 E M &, £ 4 % K & (Soil Water Content,
SWO 5 £ 3 M & . 10—20 cm £ )2 CP, NCP
53 905 B G R 7 T A% b A 35 AR DG AR 3
ARG, UL B R B SRR JE LA HLET & bl
BAEKBEERE  FHB/N B ERER, P2
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BEWMERBEZ M EE GRS SR, ditkal

W,r A EE %V% FRBE Y% 1
FLEEAR B A7 L E’ﬂﬁ HHEA KEHR

ZREgu N7 $riad i’«‘] i%ﬁi’@i%%ﬂﬁ BRI
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Table 4 Correlation between permeability of Thymus mongolicus and Stipa bungeana root—soil composites and soil properties

+ 2 - R Kt
TRIZ/cm W AHUR(SOM)  BoRi(Sil) Bk (Sand)  JEEEILBRE(NCP)  Fki(Clay)

WIBHFR(f,) 0.59" 0.26 —0.23 0.38 0.74"

0—5 B H R () 0.64™ 0.39 —0.35 0.56" 0.76"

FEABHFE) 0.63" 0.36 —0.32 0.52" 0.76"

WIB (/) —0.11 —0.50" 0.49" 0.31 0.26

10—20 B HE(L) —0.05 —0.55" 0.54 0.34 0.21

TN B HE(S) —0.06 —0.53" 0.52" 0.34 0.22

TE R MR BAE 0. 057K 1 3 AOC 5 R A SE R B 0. 01K R B AMIE, T Il
®5 EXEZRFINIESHESEMS LENBEXRM

Table 5 Correlation between permeability of Potentilla acaulis root—soil composites and soil properties

e i BEEZEX
VR Jem 7 48 b LI HE EEHEARE  AETEALRE ok Fhioki
(SOM) (BD) (CP) (NCP) (SWC) (Clay)
WIBHOR(f) 0.59° —0.54" —0.19 0.42 0.10 —0.13
0—5 B ER(f) 0.57° —0.43 —0.08 0.28 0.07 —0.03
FIANBHE(,) 0.62" —0.42 —0.09 0.28 0.13 —0.05
10 B HOR(f) —0.42 0.04 0.60° —0.41 —0.54" —0.43
BB R (L) —0.40 0.04 0.59" —0.42 —0.53" —0.43
WIBHOR () 0.34 0.43 0.72" —0.78" —0.12 0.11
10—20 B E R (f) 0.33 0.41 0.72" —0.78" —0.12 0.10
FIHANBHE(,) 0.32 0.42 0.72" —0.78" —0.11 0.10

242 HRELHEHEEMGXZ BERUANMERERES
Bk S BT AR OGP A AT, S B SR PR R HL S
AN ERRIR G SR R 0—5 em L ER 7B F
W+ EEMEKF 0~1.0 mm R 1 K % F (Root
Length Density, RLD) 5B &S S5, 1, O R
M 5 (p<<0.05), 10—20 em + )2 M+ &1k
t 0~0.5 mm R 1Y RLD 5% i £ 4 280 8. % Al
X, 5—10 ecm 2 i+ & A 1K 0 A P 5 (Root
Mass, RM) 5 f 2 35 i A 5%, H AR K (Specific Root
Length, SR 5 7, £, W F IEAHC(E6) . vt H B F
B AN AR (<<2.0 mm) & FHAF K5 T35, AR AR R
KEBK, EEKRBEEB/ N, TR REY &
NI C-REX IR GUNT 31 VNN N R ST S
FPEABHCR BB, R EZERK K 0—5cm L2

G =20 mm AR RLD 5 £ .3 ikl 56, 5—
10em £ EREE AN RM 53 &4 SHEEIE
AR CER D, U] R BB MR 5 A R i SR

AP R E K AN B R, RZ AR =20
mm A B, AR RE BRI . KPR 0—
S5em T EREEAEPEHA=Z20mm B RLD 5
BEMES S B B IEA O (p<<0.01)(F 8, L E
FHAEBAZ2.0 mm B KERK, KR +EE 45
KB EERE, X5 R ERRERER LG AP
=220 mmMWIEHAEHFHR . 10—20cm £ EE &
e 0~0.5 mm MR E RLD 5 £, £ 8% AR C, 5 H 1
FEETHEENAARERAR 770, 3R AR +
HART IR R 2 B W E SR SRR

R MR BT A A 3R B AR - 2 G R
BEMERE S s RGN o M R AR R % U0 A
Ko X EBRERLEAEM S, HIEABE A HLRE
R RD R AR R AR I 0~2.0 mm 4R
EWMEBEE., TREBEEX, BIELRE A
LG & &, iR R AW & K& =>2.0 mm MR M 0.5~1.0
mm R EE B E M E SRS EE. X TR,
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Table 6 Correlation between permeability of Thymus mongolicus root-soil composites and root characteristics

HEEF

+ 2 N -
VR /em W 7 46 b K% (RLD) M A g AR K
0.0~0.5 mm 0.5~1.0 mm 1.0~2.0 mm (RM) (SRL)
WIB () —0.58 —0.52" —0.44 —0.43 —0.06
0—5 Fas () —0.60° —0.59° —0.51" —0.41 —0.13
FHABHEE,) —0.59" —0.51" —0.49 —0.42 —0.10
WIBHE () 0.05 0.12 0.08 —0.46" 0.38
5—10 B HOR() 0.19 0.06 —0.01 —0.44 0.51"
EIABHEFE(S) 0.13 0.08 0.03 —0.45 0.47
WIE HA(f) —0.48" —0.34 —0.18 —0.27 —0.34
10—20 RBHRG) —0.50" —0.29 —0.13 —0.27 —0.33
FHABHEE(S,) —0.50° —0.13 —0.15 —0.28 —0.33

R EEZRFINIESHESEMSRENBEXRM

Table 7 Correlation between permeability of Potentilla acaulis root-soil composites and root characteristics

[REEE A e
JJ:E 5 4B ko L. 3R = -
VI fem W5 $8 b K% (RLD) A K
0.0~0.5 mm 0.5~1.0 mm >=2.0 mm (RM) (SRL)
0—5 )5 A () —0.21 —0.49 —0.50" —0.33 —0.09
WIB A () 0.28 0.26 —0.22 0.65" —0.30
5—10 B R (f) 0.15 0.11 —0.23 0.58' —0.45
FIANBHE(S,) 0.17 0.14 —0.22 0.60" —0.43

R8 KEERIEAKBEMHESRAMMBXYE

Table 8 Correlation between permeability of Stipa bungeana root-soil composites and root characteristics
‘k LU 4*‘
j:}% Sl =2 H o . B3R BE = 2.
VRJE Jem 7€ F A MK % (RLD) A g FEAR K
0.0~0.5 mm 0.5~1.0 mm >2.0 mm (RM) (SRL)
WIBHFE(f,) 0.20 0.14 0.76" 0.16 —0.08
0—5 B HEE() 0.21 0.10 0.71" 0.09 —0.04
FBABHR) 0.20 0.07 0.76" 0.06 0.003
Lo—20 W13 H () —0.46 —0.36 —0.15 —0.37 —0.14
RB#ER() —0.43 —0.34 —0.13 —0.33 —0.19
3 i ShEFR 2 HEWT 3R A A R P K T B AR T
" o

30 3MEARLESHFN LR RAFE
b HE A AL A B AL 1 A P 3R A S A

K R BRI EE IR B B S A, X B IR K R
AAREREZE XY, AWFsgr 3f il s AR R + 8 4

g R AR HRFEMILEBRR T
THEANLR S EE 10200 kA B EEK R
=>0.25 mmKRMERAIRE SRR T R FE7.24%,
ZilE RN = R SO Sl M ok E (8 Ty NI S| N
Bl B R K RS O P A i W S B IK, R HESR A I

KGR NGB0 B A [ ) b M 22 ST R S A AR
R R R R 28 R A N

A TR AR 28 26 R0 B RE A ) E AT A [ Y 0 A

2B R R IE Y 7 25000 K SRR AR
KO | T FR R R R B R AR R A AR AR
O AR AL A5 R AR 1 B B AR o MR R S AR AR 1Y
AR TR L AR 0 DX AR ) 4 T AR
R 2 AT AR R S R S A k) B R Y R
PR — R MR R LA . FEAR R A
AR AR R AC RE ) B AR AR, B AR 0 A RE AR



%3 DTN 7 B AP R b MR DX 3l i A AR A S AR T SR e TR R 91

B PR IR A A s o W AR R ARAE X T T RS
[Fi) 24 T80 R A A g [+ R OK BE ) B B AR .
WF5E K B, 7 R L X3 b B R AR + & A IR AR R
BB R ARIER — & 225  3SMEARB R L EZE
0~0.5 mm AR (5 46 %6 08 34, MR K % B | e E AU B LI
B YN E BRE >R B R > K5 i R K
IEMIR o AR RFRE Y, B B ARG EL A
YA, EEAE P 0—10 em )2, HAR R 3 Al A0
WL A BT LR . R ERR
SRR, SO AL B B R )2 1 A AL PR 100 5 i A
KU R LA TR AR  H AR K (SRR,
Xof 0 VR 455 7K o 1 R R 803 i v
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w5, PR 3 (R R 5 . i B 10—20 em £
B E GBS &R S LR kL5
RRFEAME BEFEMEXR, SFL05R0 48
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AEILLE AR 0~0.5 mm AR o5 248 35 (03, 77 B MR 40 %
2 Hor A B4R, 5 L e 1 b A 38 oy MR R AR
HAE 0—10 em 2%, MR %8 5 25 2 B0l £ )22 48 T %
IR RN 55 /NI R S U 08 R RO S A
5 B LT TORUAR H BE AR A B I, %o B8 90 T &R
B, BRSSO R
IS WL

(3) 3SMHEARLELEGHBEERA YR EER
KT BRAESRKLE, LR, 7 RA K
BiEE AR B W, R BRI R VIR
Kostiakov B 1 G 5 4 4005 3 Fh B AR + 52 5 4K 1Y)
AB R, AR ELE0.890 L .

(D 3FHEARLEFRBENLS LIEMR AT
DIASG . XA BAm S, LU AP & &
By bR & i R R AW I 0~2.0 mm 4 AR . 3 5
EaWmgdEtt. T RBERR, ZEAARE AL
B B R AEY R =>2.0 mm BLAR #10.5~1.0 mm
MR B HERME A EBENE . X TR, LR
B A =20 mm AR & 0~0.5 mm 40 # i 3 52 1
HEWBENE. NRFEA ORE 25 m % %
TIEIE A 25 5 R R A R[] BLAR AR BB B
4 1 RSO CHE 1) B0 1] 2 M R DA 25 5
5 % Uk (References) :

(1] FEIRE, £EE 350 FHL A PR XN [R5 R
LSS e 2 v R 2 NS Sl /N o
2016,14(3):35-44.

Yan D F, Wang D C, Yang X T. Effects of surface root

system on soil infiltration at different vegetation types in

Danjiangkou Reservoir area [J]. Science of Soil and

Water Conservation, 2016,14(3):35-44.

[2] Leung A K, Garg A, Coo J L, et al. Effects of the roots
of Cynodon dactylon and Schefflera heptaphylla on water

infiltration rate and soil hydraulic conductivity[J]. Hydro-
logical Processes, 2015,29(15):3342-3354.



5 3 3]

T3 AR A 7 B R AR e B X 3 A A BOAAR 52 5 B B T K H e (R R 93

[3]

[5]

[7]

[8]

[10]

[11]

R B ARG B, A R TR AR 2 B A M AL R
fE R Hox +HEA B R (1] oK 2 R 5 IR
2021,35(6):183-189.
Yun H Y, Bi H X, Wang S S, et al. Soil physical and
chemical characteristics of different forest types and their
effects on soil infiltration process[J]. Journal of Soil and
W ater Conservation, 2021,35(6):183-189.
B EAME, TR, A5 B e R DO A B R A A%
FEAE SR N 2R [T]. AR 25741, 2020,4005) : 1610-1620.
Li P, Wang D M, Ding C, et al. Soil infiltration charac-
teristics and its influencing factors of typical vegetation
type in Loess Alpine region[J]. Acta Ecologica Sinica,
2020,40(5):1610-1620.
TRETFEG R 2R, L R X R A A R R R
B IR R KO KR [T] K LR
2022,36(4):92-98.
Zhang X M, Dai C T, LiZ X, et al. Soil infiltration char-
acteristics and influencing factors of purple sandstone
with different degrees of development in the Three
Gorges Reservoir area[ J]. Journal of Soil and Water Con-
servation, 2022,36(4):92-98.
IR XN, 2R R 22 T R G T LA [ A A
BRFELT] K L RFEWFSE L 2022,29(5): 149-154,163.
Su S P, Liu X E, Li Y. Soil infiltration characteristics
under four shrub types in southern and northern moun-
tains of Lanzhou City [J]. Research of Soil and Water
Conservation, 2022,29(5):149-154,163.
PRUA , B, R TS, 45 e 356 B D A [] 2 S 28 UK 3 A
BRHIELT] K SR FFeA 40, 2018, 32(4) 1 18-23.
Chen J, Chen L., Song N P, et al. Soil infiltration charac-
teristics of different soils types in desert steppe[J]. Jour-
nal of Soil and Water Conservation, 2018,32(4):18-23.
T, 2232, 5 S M A XS Tl R A K R
T HrT] K LR FE2A 4, 2019, 33(1) 1 51-56.
Ding H J, Jiang J, Zhang J C. Regional variation and
factor analysis of soil permeability[ J]. Journal of Soil and
Water Conservation, 2019,33(1):51-56.
Mok A, AT 5K SO, 45 AN [ IR 3 BE R B LU R AR Ak
B BRI ] K RIS, 2019,26(1):113-117.
Chen Y H, Ye Q P, Zhang W H, et al. Soil permeability
characteristics of Quercus acutissima forest under different
thinning intensities in Qiaoshan Mountains[J]. Research
of Soil and Water Conservation, 2019,26(1):113-117.
FFM, Exf, B, R RE S EERE
ML) P K R R, 2018, 16(4) : 73-82.
Wang X H, Wang Y Q, Ma C, et al. Effect of root
architecture on soil permeability[J]. Science of Soil and
Water Conservation, 2018,16(4):73-82.
Cui Z, Wu G L, Huang Z, et al. Fine roots determine

soil infiltration potential than soil water content in semi-

[12]

[13]

[15]

[17]

[18]

[19]

[20]

[21]

arid grassland soils [J]. Journal of Hydrology, 2019,
578:124023.

Ghestem M, Sidle R C, Stokes A. The influence of
plant root systems on subsurface flow: implications for
slope stability[ J]. Bioscience, 2011,61(11):869-879.
Hinz C S C. Insights into the processes and effects of
root-induced changes to soil hydraulic properties [R].
Brisbane, Australia: World Congress of Soil Science,
Soil Solutions for A Changing World, 2010.

FAR A . B R AR AR R A
Wiy R s ) 22 57 (D ] P4 %« PRGN k27, 2021.

Wang P P.Effects of typical herbaceous plant roots on
soil infiltration and spatial differences in the Loess Pla-
teau[ D].Xi"an: Shaanxi Normal University, 2021.

B SCF L MR S, B A v TR TR AR XA Sk A R
2R 2 B oA K IR R i s g [T ], o R
WP BRAE L 2023,56(1) :90-103.

LouY B, Kang HL, Wang W L, et al. Vertical distribu-
tion of vegetation roots and its influence on soil erosion
resistance of gully heads on the gullied Loess Plateau[ J].
Scientia Agricultura Sinica, 2023,56(1):90-103.

LR . BT 9 T A S A ) AR R A RR A Bk
TIEB BRI [D ]S R ARk R, 2020.
Sang K X. Characteristics of typical plant root system
structure and its effect on soil permeability in the lower
Reaches of the Yellow River [D]. Zhengzhou: Henan
Agricultural University, 2020.

Liu Y, Guo L, Huang Z, et al. Root morphological
characteristics and soil water infiltration capacity in semi-
arid artificial grassland soils [J]. Agricultural Water
Management, 2020,235:106153.

Huang Z, Tian F P, Wu G L, et al. Legume grasslands
promote precipitation infiltration better than gramineous
grasslands in arid regions [J]. Land Degradation &.
Development, 2017,28(1):309-316.

WFIE, ERB, TEN,F MENEEZ LKA
i R AR KA FIB B L A2 (1], K R OR KRR, 2021,
35(5):94-100,107.

Qi Z H, Wang Y Q, Wang Y J, et al. Effect of root
system on macropores distribution and saturated perme-
ability of surface soil[J]. Journal of Soil and Water Con-
servation, 2021,35(5):94-100,107.
LRI I SC, S R R T X R Sl
o w5 e B EE AR [T ] A A5 54, 2018, 38(2)
635-645.

LiZ, Yuan Y D, Hu Y W, et al. Effects of elevation
and tourism disturbance on meadow soil infiltration on
Wugong Mountain[J]. Acta Ecologica Sinica, 2018, 38
(2):635-645.

FRIEAS X 1) W, BB L A5 A [ B A AR R X s



94

P/ S VI S

33 %

[23]

[24]

[26]

BRI T] K R ARFFATST, 2024 ,31(4) : 145-152.
Zhang Y J, Liu X F, Zhang Q, et al. Influence of differ-
ent herbaceous roots on soil permeability [ J]. Research
of Soil and Water Conservation, 2024,31(4):145-152.
FIk 4y A5 AL, 45 R R A Bl 52 5 =00 IR b A
SEFAR: 20 S d RSP/ S S I AN R TS5 4
2023,43(2):9-15.

Bai Y H, Zha X, Wu W C, et al. Effects of different
vegetation restoration types on permeability and water
holding capacity of degraded granite red soil[J]. Bulletin
of Soil and Water Conservation, 2023,43(2):9-15.
REET Lo, BRSPS PR S (] 38 AR AR
M+ HEB B RAE LT ] AR JE MOl K= 444, 2023,
51(7):128-134,161.

ZhuM X, Wang K Q, Zhao Y Y, et al. Soil permeability
characteristics of woodland in different succession forest
communities in central subtropics[J]. Journal of North-
east Forestry University, 2023,51(7):128-134,161.
sk, R, LR, S5 RAT LR LD F 52 DX A X
+ 525 3 Pk RE R A OF 5 [T ] 9 BE 4k K 24 4R L 2018, 37
(9):43-47,78.

Zhang Z H, Sang Y Q, Kong Y H, et al. The variation
of water infiltration rate over various slopes in Taihang
Mountain[J]. Journal of Irrigation and Drainage, 2018,
37(9):43-47,78.

P, 300, 28 a2, A R I AR X B A A B Sk
B B RS o B R AE [T ] 0 AR AR ARk, 2023,
34(7):1862-1870.

Yang H, Wang W L, Lou Y B, et al. Infiltration and
shear strength characteristics of gully heads soil of typi-
cal vegetation on the gullied Loess Plateau, Northwest
China[ J]. Chinese Journal of Applied Ecology, 2023, 34
(7):1862-1870.

IR A B s, X IRAE | 55 . BT i SRRV K plsg i IX

[28]

[29]

[31]

A A Y &5 B %) 1 0B B RS [T]. ARl BRI R
2F40,2023,42(7):1532-1539.

Jing HM, Zhao Y G, LiuS'Y, et al. Effects of biologi-
cal soil crusts on soil permeability of croplands in wind-
water erosion crisscross region of Loess Plateau [J].
Journal of Agro-Environment Science, 2023, 42 (7) :
1532-1539.

Vergani C, Graf F. Soil permeability, aggregate stability
and root growth: a pot experiment from a soil bioengi-
neering perspective [J]. Ecohydrology, 2016, 9 (5) :
830-842.

TR SRR AE KR A T E R R B b X A
AR R SRR AR [T]. K £ RHFBEST, 2020, 27(4)
149-156,163.

Wan H X, CaiJ J, Guo Y Z, et al. Characteristics of
root distributions of typical herbs in Loess Hilly Region
of southern Ningxia [J]. Research of Soil and Water
Conservation, 2020,27(4):149-156,163.

KA, £ FIE L FEAS R R B BO AR b 3B
FREAAEAELT ] PU AL bR BE 24, 2021, 36(4) 1 41-47.
Zhang J] W, Wang L. Characteristics of forest soil infil-
tration and water holding capacity in different succession
stages in the upper reaches of the bailong river[J]. Journal
of Northwest Forestry University, 2021,36(4):41-47.
T B i i AR R R A R X B
RIS K L AR, 2022,36(4):99-104, 111,
Jiang M Z. Effects of vegetation characteristics on soil
infiltration process in typical abandoned grasslands on
the Loess Plateau[ J]. Journal of Soil and Water Conser-
vation, 2022,36(4):99-104,111.

Tang B Z, JiaoJ Y, Yan F C, et al. Variations in soil
infiltration capacity after vegetation restoration in the
hilly and Gully Regions of the Loess Plateau, Chinal[J].
Journal of Soils and Sediments, 2019,19(3):1456-1466.

(L5 81m)

[26]

[27]

Zhao Q, Yang J Z, Xiang H W, et al. Characteristics
and discrepant responses of rainfall erosivity to EI Nino-
Southern Oscillation under varied rainfall intensity in a
Karst Hilly region, China [J]. Journal of Hydrology:
Regional Studies, 2024,56:102075.

He X, Miao Z M, Wang Y M, et al. Response of soil

[28]

erosion to climate change and vegetation restoration in
the Ganjiang River Basin, China[J]. Ecological Indica-
tors, 2024,158:111429.

Wu Y P, Yin X W, Zhou G Y, et al. Rising rainfall
intensity  induces spatially divergent hydrological
changes within a large river basin[J]. Nature Communi-

cations, 2024,15:823.



