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LPmELEIEA 0.67 m; K 3 ST B RN AL R 4 A 7 —ile,
HIAIEENTi5 80% 25 (K1), [Al), ZERSHURS 1K 4k
RS IFRAE], LA R 1 R s
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FRZR, X, Y. Z8O5 i TR R, R R e
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Fig.1 Sketch of experimental plot
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Table 1 Root characteristics parameters of different soil layers
under different root densities
R B/ INX ARL7h-% WK% E

Experimental Biomass/(kg-m™) Root length density/(m-m~)
plot 0~20cm  >20~120cm  >0~20cm  >20~120 cm
CK
Cl 4.87+1.14 1.17+£0.34 6189+1107 802+362
C2 10.34£1.74  1.94+0.14 12628+685 2077+638
C3 16.45£1.20  1.46+0.59 26073+2356 1498+313

W CKOXTIE/ANKX; Cl, C2, C343 /248 #RATHE R 20 cm x 20 cm.
15em x 15em, 10 em x 10 em B EHE /MK, T E

Note: CK refers to the control plot; C1, C2, C3 refer to the grass cover plot
with planting density (planting space) of 20 cm x 20 cm, 15 cm x 15 cm,
10 cm x 10 cm, respectively. Same as below.
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0.182 10601
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H L2 0T, 25/ X A 4R o o R B ) i) 22 22 0 22
B R % BN Dl AR TE 5.46 ~ 42.30 g/(m? - s)
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AR ROAAAE, R IR, RRAB SR+ IK
WS TE A Y MR8l ) (R H4kFE 1) KT
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Fig.2 Temporal variation of soil erosion rate under different root
densities
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2b., 2c. 2d WAL, RPN KA IR AR, T R
/NIRRT 18 ~ 24 min, B )5 AR 30 B 2R bt A2, (1
Xof HE/INDK i B AR B R P R /NIX, R, XEHIE/N X
1R . WA RN R R, 3R
TR RAR S B A SR AR UGE W N (62), (HEB/NX
F14) - T A2 ol R 3 A S 2R KR B B AT o T BN IXC
MR 2 AT 50, FEWAR R A AR AE — B ) T 9 4
AR, A AR R B S AR AR B, (LB 2 R AR R
BN, AR ek AR AR S R BRI A IR R T GR BEAI
Ul AR B MR 25 5 5 10 186 o AT D A = AR Dl R O o AR
JE o VKECHAAR R YD, I A KA R A A
MRA, BEMRRZZEsCS, R+ oKy UIRE 104,
HETTAE— 8RR B LA A, W8 H R s g 5
HE 2b AT %1, CL/MNX 3R M 6 min FF4f, 180 min 453,
WAL R A 35 YO/ (62), 4 81 min 1135 5
BFUZ PR 3.07 g/(m?- )RR F KA 17.77 g/(m?-s).
fE 2c Al %0, 30K (£2) FEEEIAE, 123 min
RIMGEZFE K 5.01 g/(m?-s), BLJE R kA, (2R



%o

75 22 A M AR T RS B A Sk B SR e 0 RO 25 e S 91

mERA (13.40 g/(m?-s)) . HE 2d ATHT, C3/MX {24k

BORAME RS CLAC2/MX AL, 231k (F2) AT

%% 147 min,
2], XFRE/NX =V 2 425.96 kg, HE#E
INDR U B AR, VD R4S R 64.32%~70.31%

Xt/ IR AR ER , 1 G R/N XAE DK, AR AR 0 B
REJIo, Zy U U IR R N4, 36 K -3 Uk [E] R 2R
PE T ™ Vb o Bl MR AR B3, 98D A A PR
I, AR UK EAR R AR — DM, YIS EE
MF, MR AR R XTI PR I Sk 90 R R ek VD 2 A
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Table 2 Characteristic parameters of soil erosion rate under different root densities

IR/ X i i AR Z - R
i Hﬁt{ﬁ J?YT'/J\{F-[ TH SR RO B ﬁibxﬁlﬁﬁ .
Experimental Maximum/ Minimum/ Mean/(g-m™-s") Coefficientof . "\ psing times  Soil loss amount/k Sediment reduction
plot (g'm?s") (g'm?:s") ¢ variation & benefit%
CK 423 5.46 18.72 0.41 8 2425.96
Cl 19.38 1.61 6.91 0.55 35 865.69 64.32
C2 13.4 0.35 5.56 0.48 30 720.24 70.31
C3 16.78 1.10 5.63 0.45 23 729.71 69.92
=3 I Hi P 4 T AL, 3 S 2 BR A B B R 5 B SR I

2.2 WRABEXALPFRIIENFA

PP 3 LR, X B/ DA Sk IR R p 2 2 D LU 4
AR R B WRER ARG BRK AR Ik A R
AAsE . YRTEAREE , wliRpm RS s G, fEERET, W
TET A2 U R 1 — S 65, S A4 3 20 AR B AL ik
Ko WEBEVRHTYRBEG R, FRimRRE, 3 B PR A R 1
BRK L% 7 W T8 PRAR TR BB BT, Bl U o A Bt
Vi AN WS O, AR R RE 7 M, P 65 S I ) A4
B, Bk RS, AR R 1, TR R I AR
AT, WAWE, FrS, T ER, YR
WA, R AR T CiRERET, — B
BATHE, WRES KRS . MR EUNCR A F IR
U]y OB S ARk . BROK ARk A R S AR A A A AR A 8 T
YR W BE AR ok AR K AR e 5 %) /N AR BL . )
HT R g AR, ) DU I AR TR RN X
Wb B AL 2 et o 2, AR IR TR IR BT X (8T 3b)
I B AR A R R S 2409, YR+ A
KA, 18k SAR T BRI SR 52
B A 3 R S O A SR RR T Y T2 A

|

%5 AR it i
PR DX i

b. i
b. Grass plot
B3 ARMAHALA KRR IR RS AR
Fig.3 Main processes of gully headcut erosion in bare plots and
grass plots

Sk F IR R R sh ARk . f R da WD, X RN X
R 0 AT R R AR s B ARk, B
0.37 ~ 2.69 cm/min Z [i] ; 7E 85 min, T8k k%
A, TTEEE AR 0.43 R 2.27 cm/min, B )5 AT
HEHCR K TR, VSRR [ AR R, e 2 R
$9197.48 em. WFFE R I, K BE/IN X I8 Sk i 0F R AR IR
WRTIECR, SRR TR E . Wells SEPOFFE 25 2R
INRM, WEELZFWMPESSEK, FHELE
FasE, WSk AT R L R FFIEE . SX AR, BT
BN X E R B R A, I Sk mT O R E 4
75.61%~78.87% . Xf HE/INX R EZ Y 1w, AT (R Dl 4
WL, IR B R, MR /NX TR R b
RihBET), REBRRIEE . HE4b 0 H, ClL/NXFEO
~15min N, FI#F#EZRE R KME (1.04 cm/min), X
JEW T 9 min, Wk &AE SN, AUk R o
15.60 cm 21, FifiJ5 1 oE SR A WIREAL, 1k S 18
IRGHESE , 126 min FRRFETA Sk & AR, S8R DhE
il 0.06 251 F 0.25 cm/min, B 5 # B4R E . H
Kl 4c T 1, C2/NIXAE 0 ~ 45 F1 90 ~ 120 min Rij #F # 2
K, 1£0.31~0.78F10.18 ~ 0.37 cm/min Z [A] 25 4k, ¥4
S P [ AT HEDE, HAR R B C2 /N IX ATk R R, W
Sy F R B LT AR R E E . B 4d ATAET, C3 /N IXCHT
EE RAR R B C2 /N X — 8 BN X 3 Sk it
RS, 50T 45 AR 22 FO0 i X
Pl 22 S i R A U 45 FAR H R, M7A kAR +
PR A SR, o /N X ) Sk A U R ZE R L Bl 2 3R 0 e
(B A RS, P AR 6] 3 Sk R A 0 S ] ot
Ko MEUNXIREARSE, B MEEE, WEET
56 4 0] 7E T PRORN T AR B B s RUBE 1 58 B, X BRIV X
T4 3 90 R I B R RN X Y 4.10~4.74 75 5 BPUNX
HenT ph PEAR, PO S IR A L F R . R 3
AN, ISk SRR I A s R R R RO R
(P<0.01),
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Fig4 Changes of cumulative migration distance and migration rate of gully head with time under different root densities

R3 TERARBERG TALRIHREESIE XA
Table 3 Relationships between cumulative migration distance of
gully head and time under different root densities

{56 /NMX Experimental plot ~ J7#% Equation  R2 P N
CK y=1.3183x"0 0.99 <0.01 13
Cl1 y=0.527x"% 0.99 <0.01 13
C2 1=0.4446x"2 0.99 <0.01 13
C3 y=0.3724x"1 0.99 <0.01 13

2.3 REAFBENGETYIREREL BN

LS AT, X BB/ ARl DA 1T S SR BRI, 17
R W6, BHUNXIE S . X IR/ K56 f
WEE YIS, 9408 B IRIA 106.94 em, I A
36.45cm (F4), RHEEMIEAT, %I A2
B, GEZEEREAL, hTFmEZER, il g
120 7 D = ) N2 ik s IR s T3 1= W 11l N ) RN
B, ORWHIL 12338 em, BHG WGBTS, ERA
Mo FB/NX AR IR I AT T B A AL, Hm IR B 43 )
7 138.69., 120.48 F1121.80 cm, HH /N X Hy T BE i 1=
PSS, RWE R BES R, [ Sk RIS,
IR R R LA B, SRR A T Y. R4,
B /INX I TE R U YR B A G T IR/,
NI 1,92, 1.64 F1 173 4% o BBk /NX 1 Sk W IR 2212
TEAH RIS ] PN, 28 30 7E B /DN X3 Sk il 45 [] /N o) i
INIX, FEOEIE R YIPEERE N HK, ErkanFSY
K, HHERIVEARRS, VA IR R ROy 3,

FER KM% s SRR m ey, WiE g m &
A, WEERESL . SXTREMILL, FR/NX TR A
MR, SRR em, Wl T O E . R
5 R [l 29 A TAR B AR R, 4
5% - K OF- T B U) R 1, BN X YA 3B ) 9 )
K.

6 T, &I A EAT, V430 B R i S i
£, /DX EEARERARER 1.0, 032, 0.3F10.26 m%,
TH 38 T AR B AR R % R I R, XA L, R
IX. V4 3 T AR PR AL 68.0%~74.0%. H1 & 7 A 11, X R/ X
WA BT AR AR, HA Sk DAARWRR e, BREE T
AN YA N IR B AR B AR, Y TE AR Sk
KB, b, HIKHREEEL/NE,; SN
EARZMER T, W A AU IR/, AT A/
XJEHAETE, SEPCKR, TR ER T X AFE, T
HHBERE R T AN,

#4 FRMRARE N KBETIRE
Table 4 Average gully depth in plots with different root densities

st ] VIR B Average depths of gully/cm
Time/min CK Cl 2 C3
45 36.45 105.18 80.32 68.79
90 43.38 109.21 95.24 78.88
135 55.26 115.29 95.14 92.33
180 62.83 120.48 103.24 109.01
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Fig.6 Change of gully development area with time under
different root densities

Va2 Shoulder-line

VAR Depth of gully/cm
- TiHigh: 40.11
==K Low: -126.35

V&% Depth of gully/cm
e iHigh: 41.86
== KLow: -141.25

b.Cl

V&% Depth of gully/cm
w iHigh: 41.87

= {[tLow: -124.18
c.C2

V&% Depth of gully/cm
e = High: 41.87
‘ S K Low: -126.34

d.C3
A7 FARRRZFEAELESLAHRTERE
Fig.7 DEM of morphological development of gully under
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ARSCR AN N T AR W +OK i) 358 T
B, DRI AN AR 22 58 B 2456 1) Sk 30 JRUAR ek P b RN 265
BALRY I, FELRUT

1) % B/IN DX S8 43 ot T 23 A R R A /(L 2 K
THRYNX, ARARh S S8 SRR R SRR/ IX ;B
INDR () = 38 AR ks e I 2 A I R 2 8 o AL
X BE /N DX P2 vb de e KGK 2 425.96 kg, VK EERRATIE M 15
emx15 em B, WIPREE IR, TTIK 70.31%.

2) X RE/NDX IR AR Dl B Bl LAE 4 S AR
B VARG WEREG AR . BRI A R A I R
Bl /INX AR i e 7 A R DU R U BE R ik . K AR L R v
SR ARG A, IR b A S W R ) 2 B
o 2P e, SXTRAHL, SN X8k i
JELE 5 45 5 75.61%~78.87%, &) Sk W1 V5 B 55 N it AR 3R 2%
JEE BN AR FEAR, C2 /N X I8 S W R S e, YRSk )
U5 HE B 5 (] A R R OGRS

3) X HE/INXAR T A AT TH 2 YRR, A AE SR o
B, WERUAETE , BRI 2 51 2 BRI AR IO
B /NI TE T YD B0 EE W i X BN X, 2 R
N 1.64~1.924% 5 BEER R B EEIG N, WiE K E A
BHRRAL, SXTRUNXAIEL, 387> 68.0%~74.0%.
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Effects of root density on gully headcut erosion and morphological
evolution process in gully regions of Loess Plateau

Feng Langian'?, Wang Wenlong'**, Guo Mingming?®, Shi Qianhua®, Chen Tongde?, Kang Hongliang?
(1. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resource, Yangling 712100,

China, 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of Soil Erosion and Dryland
Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China)

Abstract: Gully headcut erosion become the main cause for the longitudinal and horizontal surface, surface fragmentation and
area shrinkage in the gully region of the Loess Plateau in China,threatening the development of local agriculture, economy and
ecological environment. At present, the vegetation hasplayed an important role in controlling the gully headcut erosion in this
region. Most of the previous studies mainly focused on the influence of the above-ground parts of the vegetation on the basin
and even the regional scale. However, little is known about the effects of the root density of vegetation on the gully headcut
erosion. The effects of sediment production and its morphological evolution are also lacking, particularly on the loess.
Therefore, a combined experiment of simulated rainfall and runoff scouring was conducted to explore the effects of the grass
(Agropyron cristatum) root densities on the erosion process and morphological evolution during the gully headcut erosion.
The experimental plot consist of the upstream area, gully head and gully bed. The length and width of the upstream area were
8.0 m and 1.5 m. The gully headwall height was 1.2 m. The length and width of the gully bed were 1.0 m and 1.5 m. The slope
of the upstream area was consistent with that of the gully bed, being set as 3°.Compared to the bare land experiment area, this
paper presents the process of soil loss, gully head retreat, gully cutting and development, in the different root density around
the experiment area of Agropyron cristatum (planting space: 20 cmx20 cm, C1; 15 cmx15 cm, C2; 10 cmx10 cm, C3). The
results showed that: 1) Compared with the control plot, the sediment yield of grass-cover plot (C1-C3) decreased by 64.32%,
70.31%and 69.92%, respectively. When the plant spacing of the Agropyron cristatum plants was 15 cm x 15 cm, the sand
reduction benefit was the largest. 2) In the control plot, the gully headcut erosion mainly includedthe following steps: the
upstream flow incision, headwall erosion by the wall flow, plunge pool erosion by the jet flow, and finally the gully bank
collapse,whereas,in the grass-covered plot,the gully headcut erosion was determined by the wall flow, plunge pool erosion by
the jet flow, and the collapse of the hanging soil-root matrix at the gully head. The collapse was also the main reason for the
gully headcut erosion of grassland. Alternatively, the accumulation distance of gully head in the grass-covered plot was
shortened by 75.61% and 78.87%, and the accumulation distance of gully head inboth plots showed a significant power
function with time. 3) The longitudinal section of erosion gully in the control plot was in ladder-shaped, and the gully head
was rectangular; while in the grass-covered plot was trapezoid and arc-shaped. The average incision depth of the gully channel
in the grass-covered was 1.64-1.92 times as deep as that in the control plot. However, the developed area of the gully channel
decreased with the increase of root density, and the area of the gully in the grass-covered plot decreased by 68.0%-74.0%
compared with that in the control plot. The findings can provide a promisingapproach for the implementation of the gully
stabilization and loess-tableland protection in the gully region of Loess Plateau in China

Keywords:roots; erosion; sediments; gully headcut erosion; morphological evolution; gully region of the Loess Plateau



