558 % 45 + o W) Vol. 58, No. 5
2021 4F 9 J ACTA PEDOLOGICA SINICA Sep., 2021

DOI: 10.11766/trxb202004200185
Wi, MR, KRR, R, TEM, EEMS. Bk A Rl ok AR 0], %R, 2021, 58(5): 1157-1168.
YANG Miaomiao, YANG Qinke, ZHANG Keli, LI Yuru, WANG Chunmei, PANG Guowei. Effects of Content of Soil Rock Fragments on

Calculating of Soil Erodibility[J]. Acta Pedologica Sinica, 2021, 58 (5): 1157-1168.
A =11 N Feb *
irA 2 EX TIREAI TR F A E R
', wHEHT, KAAT, x40, TAE, BEA

(1. PEACTREEIR T SR 20, P94 710127; 2. b ifuaf BRL 2430, b 100875; 3. FARBEIEFAE —H 35 B HlE B, P4
710054 )

8 E: A (32mm) B HREARIRZ —, HE AR TR, fE IR RN (K) T R 5 R R
A SRR, TS AT Sl R N ER . A 30 SRR 2 B - R A B R - R S G S R, R Sk
OB R A 2 S SRR A HIRR MOC R AT, TE RIS N A Tl B0k 2 ik ] o R s, AR
W, (1) 8RR PG A, LRI RSB R (LB B EEHININ 5.68% ). 1IN b4 5 M i - 321k o,
HET AR e n] R 460 4.43% 5 B 7 B ok OR AP - S G R T T oh AR T i D R, AE LM L SRS (YDA
HE ) M, X R 2l T PRI 18.7% 0 25 18 R TR A A e AR TR A B SR 2R B, R nT il
THEAE 5.52%. (2) LABRATSEM R X, 4Bk 62.7%, HIEnT ik A1 AT 4% 0.0091 (thm*h) - (hm 2MJ " mm ™ );
DA BRAT S0 X, (5 4Bk 31.1%, +EafphEE 730 0.0019 (thm™h) - (hm>MJ \mm™ ), (3) HlEAIE
THT A5k A7 LRV A 6 AR DX S G R824 11.8% 0 PRI, I TRT R AT (A A e 3 o 3T ol i 2 TRk 4 7 o 30/
ez o1 0 7 e A1l e g o (A P - o w18 o S 3 S e R V753 N R Ny 1113 1R =i e Tty g
TR DR

KEER: Ao BRAMT, ABHEOR; SRR, e

FESES: S157.1 XERFRERD: A

Effects of Content of Soil Rock Fragments on Calculating of Soil Erodibility

YANG Miaomiao', YANG Qinke'", ZHANG Keli*, LI Yuru"*, WANG Chunmei', PANG Guowei'

(1. College of Urban and Environment, Northwest University, Xi'an 710127, China; 2. College of Geography, Beijing Normal University,
Beijing 100875, China; 3. The First Institute of Geoinformation Mapping, Ministry of Natural Resources of the People's Republic of China,
Xi'an 710054, China)

Abstract: Objective Rock fragments (>2 mm diameter) are an important component of soil, and its presence has a significant

impact on soil erosion and sediment yield. So it is essential to take into full account content of the rock fragments for accurate
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calculation of soil erodibility factor (K). Method In this paper, based on the data available of the content of rock fragments and
classes of soil texture with a resolution of 30 arc-second, influence of the content of rock fragments, including rock fragments in
the soil profile (RFP) and gravels on the surface of the soil (SC), on K was assessed at a global scale, using the equation
(Brakensiek, 1986) of the relationship between saturated hydraulic conductivity and grade of soil permeability, and the equation
(Poesen) of soil erodibility attenuation under a rock fragment cover.  Result Results show: (1) The existence of rock fragments
in the soil increased K by 4.43% and soil permeability by 5.68% on average in grade and lowering soil saturated hydraulic
conductivity by 11.57% by reducing water infiltration rate of the soil and increasing surface runoff. The gravels on the surface of
the mountain land and desert/gobi reduced K by 18.7% by protecting the soil from splashing of rain drops and scrubbing of runoff;
so once the content of rock fragments in the soil profile and gravels on the surface of the land are taken into account in calculation,
soil K may be 5.52% lower; (2) In the areas dominated with the effect of rock fragments, about 62.7% of the global land area, soil
K decreased by 0.0091( t-hm*h)-( hm>MJ'-mm")on average, while in the area affected mainly by rock fragments in profile,
about 31.1% of the global land area, soil K increased by 0.0019( t-hm®h) - ( hm>MJ"-mm™); and (3) The joint effect of rock
fragments in profile and gravels on the surface reduced the soil erosion rate by 11.8% in the 6 sample areas. ~ Conclusion The
presence of RFP increases soil K while the presence of SC does reversely. The joint effect of the two leads to decrease in soil

erosion. In plotting regional soil erosion maps, it is essential to take both of the two into account so as to improve accuracy of the

mapping.

Key words: Rock fragment; Rock cover; Infiltration rate; Saturated hydraulic conductivity; Soil erodibility
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Table 1 Basic data list

e b3l IR FHigk
Data Source Resolution Use
FHL Clay/% FHEE 3] o PR
HERL Silt/% T e a] o N
Wi Sand/% jan=Nawe: N S
# B Soil organic carbon content / ( g-kg™) M ISRIC [ 3 ; o g a] it
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https://esdac.jrc.ec.europa.eu/content/global-soil-erosion. Note: Download site for soil data: ( 1) SoilGrids: https:/files.isric.org/soilgrids/

fomer/2017-03-10/data/; (2): Download site for Borrelli™ data: https://esdac.jrc.ec. europa. eu/content/global-soil-erosion
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Table 2 Relationship between classes of soil texture/saturated hydraulic conductivity and permeability coefficient (P)

B BEMEEN MK AR
F 2 TR 7K R Saturated
Texture Permeability Average saturated hydraulic
Texture type hydraulic conductivity range K
class class Py conductivity K
' Sand 12 0.5 111.84~201.67 156.76
B+ Loam sand 11 1.0 61.94~123.00 92.47
Wi+ Sand loam 9 1.5 34.31~75.02 54.66
¥+ Loam 7 2.0 19.00~45.75 32.38
HHAPHE L Silt loam 8 2.5 10.52~27.91 19.21
¥ Silt 10 3.0 5.83~17.02 11.42
5% £ Sand clay loam 6 3.5 3.23~10.38 6.80
FilE+ Clay loam 4 4.0 1.79~6.33 4.06
# (b)) BighE 1+ Silt clay loam 5 4.5 0.99~3.86 2.43
W Fi%h 1 Sand clay 3 5.0 0.55~2.36 1.45
Hib%h 1 Silt clay 2 5.5 0.30~1.44 0.87
Fh+ Clay 1 6.0 0.17~0.88 0.52

14 HABZRMMITE

HPANJE A FOREZE R, BB 1L XA )z
AERRa B RN 2, (0 H Al Ok A 7 55 R BB
PR o AHTENS 1 HEFR TR A T R N Bk
T, KA Poesen BB (X (9)) R aRAH

i B AT Pl SRR R LS,

S, =e ™R, -10) (9)

A, S Rl p R R R, ROATRA B R
(%)

http: //pedologica.issas.ac.cn



54 W B R S i ] plot PR A S S 1161

1.5 HEGASENGFABESNEENITE
Bos 5 (7) Mk (8) HELRLES, T
JEPEEHRIRA (), FIFART B & 1 e n] ik
HFITE T H (K tool), ITHEMSEFH & k. A
U3 ko HIEZSFIME 6L ko, A SR 1A
TR AT R R 35 TR A7 10 39898 400 (Koo T K )
T A4S B A 5 50 18R £ R B ) T B A ) B ]
PERET (K K)o BRRAESZHMHET (S) 5
K M, 1352 &35 i Bk A Rk A7 78 55 5 R Y + 3%
AR T Ko, BERAESEHET (S) 5 K
AT, 15 30 A hg ) 1 Bk A RN B A 7 26 R R A
R E T Ko
Ky =S, xK; (10)

K, =S xK, (11)

2 4 R

2.1 HEFASEXTERHER I

bl 4 oA 2 5 T 8 A R0 2% ) i A B 3 ]
PR T KoM KRB, ZEHIE A &R (K la)
i A 9 AT kb R P (R T, 4R PRI P 48 mT ol P
FAEREAN 0.001123 (thm*h) - (hm >MJ '"mm "),

150°W120°W 90°W 60°W 30°W  0°  30°E 60°E 90°E 120°E 150°E

S

30°S  0° 30°N 60°N
30°S  0° 30°N 60°N

150°WI20°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E
Q)i AR AT 5t Coarse fragments volumetric in%in
topsoil (0~15 cm) o M 3%

150°W120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E

P * i3
S 3
o - ¥ ¥

i s o
4 P ¢ 83

P ‘@ d Eigny

g = L N
i N 4

150°WI120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E
) 2:{H 46 X {H Absolute value of difference(K ~K,)
0O | 44

30°S  0° 30°N 60°N
30°S  0° 30°N 60°N

SEIBEINCA 5.43% 0 o8 R R R - S8 T Bk
HBE N 2R A% e FLBREE , HEMT A, 3 b3
BT LR o =yp P AR A R R, #
THI AR A (o A AN T K S8 11.57%, i -4
BBEEYIENN 5.68% ( HIEABH R ), 4
Al R P18 0 i 2 04 i e R TR A 7 g ( +
P B U RARE R R S DX 16 FA 1c),
B KT 20%; IR By L A6 SE R L
I PR R RRCTE L PE PSR A
JRAMEIE R, WiR<1% (F 1d), — s, 2
BRI DX SR 1L A i 5L, B4 . g b SE N Ak it )
P& (FELHENL . JEEESNK ). KK
I ETRITE e A= S e B L 2R AT N =
JECRIAG S A A R VDT RO PG b5 0 B () 4 248 01 Ly
ik .V STl DX P g D L TR R R e S R
FIK . ZRVEAARINE L, 9 R i ) A3 4 e X ([
1d ). KLk 7 P HIE AR AR EE 2 KT 200 m. 5
RA e (B 1a) XFHGRM, SRR A s
b5 5 M B S R TR A KT 20% 00 1
DX o REM H AN DX 22 W7 5L, n S8 [ v PR R
IR R R R ARRCEE . o E R
AL 5 R PRI S A DX, 3 2 5 1) 3t
TR EZ/NF 60 m.

150°W120°W 90°W 60°W 30°W  0°  30°E 60°E 90°E 120°E 150°E

30°S  0° 30°N 60°N
¥ A
30°S  0° 30°N 60°N

<
150°WI120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E

b)) JLfaTHi 5 Mean geometric particlesize
0.0028 =& W 1.025 mm

150°W120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E

30°S  0° 30°N 60°N
30°S  0° 30°N 60°N

- >50%
150°W120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E

d)Z4{H Difference value /%
(100x(K.~K)K.) 0~100%

P T s A T e S AT P PR )5 )

Fig. 1 Effects of rock fragments on soil erodibility factor
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Fig. 2 Effects of gravel coverage on soil erodibility factor
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Table 3 Mean of St (soil erodibility reduction factor) relative to soil types

I m JER L A w2+ (5 1 RISt R L Misht e
Soil type Cryosols Regosols Leptosols ~ Umbrisols Plinthosols Ferralsols Nitisols Planosols
S M
0.625 0.625 0.590 0.574 0.923 0.856 0.845 0.838
Mean of S;
A 2
8.185 18.304 16.019 22.001 4.630 3.345 5.827 3.426

Gravel cover
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Fig.3 Comparison of the mean values of various K
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Fig.4 Difference graph of soil erodibility factor as affected by the content of rack fragments
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R4 HEPEXEGAEEXDIRKEIRKERNFNE
Table 4 Effects of rock fragment on soil erosion rate in the sample areas

e e 224k e e e

LR
SS1 Variation/ SS3 Variation/ SS6 Variation/  SS2  Variation/ SS5 Variation/  SS4  Variation/

Themes
% % % % % %
374.4 — 1310 — 3506 - 366.3 - 8660.4 - 499.0 -
K 0.031 — 0.036 — 0.027 - 0.028 - 0.017 - 0.012 -
LS 2.73 — 6.3 — 0.96 - 0.35 - 0.89 - 0.38 -
C 0.063 — 0.059 — 0.154 - 0.051 - 0.012 - 0.115 -
Af 159.6 — 1156.2 — 1071.3 19.7 - 180.8 - 26.6 -
Ac 167.0 4.7 1185.5 2.5 1096.0 2.3 20.4 3.7 199.8 10.5 31.2 17.1
Acs 116.6 -26.9 959.4 -17 767.1 -28.4 20.1 2.1 194.4 7.6 24.4 -8.4

W RWHAAN (MI'mm) - (hm2-h'-a!) 8 (MJ-mm) - (km2-h'-a'); KM¥AN (t-hm?>-h) - (hm2-MJ'\mm ™) ;
Af AT BBRA SR RIS, Ac O R IR HT kA & i 1 LR SR, Acs 25 IR T AR A 5 e RN R A 7 1) AR
e ik tkmZ*a', Note: The unit of R is (MJmm) « (hm*h™a') or (MJmm) + (km>h'a') ; the unit of K is
(t-hm*+h) - (hm?-MJ"'-mm™) ; Afstands for soil erosion rate without REP taken into account, Ac for soil erosion rate with REP taken

into account, Acs for soil erosion rate with both REP and gravel coverage taken into account, and the unit is t- kmZal.

a) 1 em ZF BRI AHL b) 0.35 m 4P PR
UAYV image with 1 cm resolution Google Earth image with 0.35 m resolution
X ' 3 ;

K5 ZARUTS NI Clafi s ) B 5230 e A 2 2 17 L

Fig. 5 Gravel coverage of Zengjiagou in Yimeng mountain area ( Linqu county ), Shandong
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Fig. 6 Comparison between the calculation in this study and that with the Panagos ( 2014 ) equation in gravel attenuation coefficient
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Erosion Equation, WEQ )P & IF XUfth 75 7 ( Revised
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