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Effects and Mechanism of Biocrusts on Soil Detachment Process by Overland Flow in the

Three Gorges Reservoir Area

ZHANG Guanhua'?, Y1 Liang®, DING Wenfeng™?, WANG Yiran'?, PU Jian'?, SUN Baoyang"?

(1 Soil and Water Conservation Department, Changjiang River Scientific Research Institute, Wuhan 430010, China; 2 Research
Center on Mountain Torrent & Geologic Disaster Prevention of Ministry of Water Resources, Wuhan 430010, China; 3 Central-
Southern Safety & Environment Technology Institute Co., Ltd., Wuhan 430071, China)

Abstract: The study quantified the effects of moss-dominated biocrusts on soil detachment capacity (D) and soil erosion
resistance to flowing water in the Three Gorges Reservoir Area. Potential factors driving soil detachment variation and
their influencing mechanism were analyzed and elucidated. Five levels of coverage treatments (1% ~ 20%, 20% ~ 40%,
40% ~ 60%, 60% ~ 80% and 80% ~ 100%) were designed and a nearby bare land was taken as control in a moss-dominated
site. Undisturbed soil samples were taken and subjected to flow scouring in a hydraulic flume under six shear stresses
ranging from 4.89 to 17.99 Pa. The results indicated that mean D, of moss-crusted soil varied from 0.008 to 0.081 kg/(m? s),
which was 1.9 to 21.0 times lower than that of bare land (0.160 kg/(m? s)). Rill erodibility (K;) of moss-crusted soil ranged
from 0.009 5 to 0.000 9 s/m, which was 2 to 20 times lower than that of bare land (0.018 7 s/m). Both relative soil
detachment rate and K, showed an exponential decay with increasing biocrust coverage, whereas the critical shear stress (z.)
for different biocrust coverage levels did not differ significantly. Biocrust coverage, soil cohesion, and sand content were
key factors affecting D, while biocrust coverage and soil bulk density were key factors affecting K,. A power function of
flow shear stress, soil cohesion, and biocrust coverage fitted well to estimate D, (NSE=0.947). Our findings implied that
biocrusts prevented soil detachment directly by their physical cover and indirectly by soil properties modification.
Biocrusts could be rehabilitated as a promising soil conservation measure during ecological recovery to enhance soil
erosion resistance in the Three Gorges Reservoir Area.
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Table 1 Hydraulic parameters for soil detachment tests

it Wz ERE R K
(L/s) (%) (m/s) (mm) (Pa)
0.502 174 0.43 2.9 4.89
0.493 25.9 0.45 2.7 6.91
0.755 25.9 0.60 4.1 10.28
0.980 42.3 0.58 33 13.59
1.258 34.2 0.79 4.7 15.83
1.498 42.3 0.72 4.3 17.99

EAT PG I, % Jat ek RT3 B B B,
FEOT TR B AR RS EOORE %, DR AR T S A IR
I, AR RIRZ 2 om BR B IHER (R IR DY, Jf
TSR PRI S T 5 K P A Y AR TR, 105 °C
Tk AR, DAP R AT AR R BT 25 B DA R T AR
Fop B E], BEATAS 2] 58268 ). ARPE WEPP
A,

D=K\(7—1) 4
s Do HEANBIRE T (ka/(m? )5 K, S 4HTE AT ik
PE(sIm); © Fl oo 53 R 7K 85 D) 7 (Pa) Al 5 55 4] )
(Pa)o DIJKURETU) 3 MR A bs . LASEI Y 35 0 B
RE I AN, HEATERMEG, WG B R
R 20 AT P (K) TR B AR A AR AR T AU
MG F BT Y17 (z)s K, A oo SRR A 4 4845 kL
PIES G
1.4 BRSO

AR IEASTER TR K-S K ik, ARk
A6 ) R R R 22 SR R R B R
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Z A AH AR AR Y 22 57 o 18 3 15 B[] 9 23 B 400 L 385
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I PBLA10 BE JH e 5E 22 8 (RD) A A A 35 2R B (NSE)
fifio A, FIH Pearson MG/ IR T 158 54
W2 K A R PR Z B AR DG | i — 20 R AR
BT VRO Wi - 398 53 185 1) SC B DR 28 0 2 G B e ]
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BEMKF 0.05. Sr
Thi =9.496 2exp (0.081 9C,...)
2 #% 14l R*=09156
=A

21 EYEREENEREERTEREMNTIMG

AAIGE 45 g JRJE fe/IMELK 8.24 ~ 11.74 mm,
BKME N 1226 ~ 16,51 mm, FHEFEH 1050 ~
14.36 mm, 2AREIHEASR (R 2). T RS
o6 2 5 W HLEL BE (P=0.000) , 1 o A B (60% ~
80% 71 80% ~ 100%) | f4% H JE R A S k- ok o
(1% ~ 20%. 20% ~ 40% A1 40% ~ 60%), {H w5 it
A B H U 5 B A BRI 25 5 AN 8 3 [T VA 40T SR A=
& Fiz JELJE (T i) bt H: 55 B (Cmoss) S P8 5 in (1 1) -

x2 TRVEBEEENEE S HER
Table 2  Statistical descriptive of measured moss-crust thickness for
different coverages

gy BvME BORE ME O BE BEE ERRK
(%) (mm) (mm) (mm) (mm) (mm) (%)
1~20 8.24 12.26 10.68 10.50b 1.00 9.50
20 ~40 9.45 1439 10.61 11.27b 1.66 14.68
40 ~ 60 9.17 1475 1098 11.36b 1.49 13.09
60 ~ 80 1097 1596 13.73 13.67a 1.63 11.93
80 ~ 100 11.74 1651 1424 1436a 140 9.74
Moss-crusted  8.24 16.51 11.70 12.24 2.08 16.96
T« FISI/ING AR R R A 55 AR FH ) 22 57 5 2% (P<0.05) 5
Moss-crusted iy BT A 45 5z i B A B BIRSE T 45 2, Tl

£S5 R (mm)

10
1~20

40~ 60 60~80 80~100

B HEHHE (%)

1 ZREESHEEZEHXR

Fig.1 Relationship between biocrust thickness and coverage

20~40

X RIEE M, J7 250 WoR £ A0 B+ 4 pH 22
SANEER 3), M 1 Jm e b a2 45 K 5 B
FHM (P<0.05), T HEFELE T . BRI A KRR AT
RRRfSS B o6 B3R B, IR Bhkr .
fbhr | P35 AR R ML B B R ARk .
SEFEA tR IS R B, BRI pH FURRL S L, 25t
8 & v 5 0 IR Z (R AE 0 35 25 57 (P<0.05) . 50 ik
FRAHE, 450 BB T, pH. Bk Brki. K
Ttk A B Ak . OF 3 E AR R BLEK T 28
18.7%. 1.9%. 15.5%. 4.7%. 6.6% . 15.6% #116.1%,
AL i RN 2 HF- Y08/ 4.5% il 3.3% (3% 3).
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Table 3  Soil properties under different moss crust coverages

LI B AT pH BB W R KRIEIRIE  ypwmsme s
(%) (kPa) (kg/m’) (¢/kg) (mm) (9/kg)
B 6.95¢ 1410a 6.21a 117.2c  234.0b 648.7 a 634.9¢c 2.18b 7.85d
1~20 7.76 be 1369 bc 6.35a 1183c  2427b 638.9a 646.3 bc 2.35Db 8.45¢
20~ 40 7.96 ab 1377b 6.55a 1349b 2204c 6443 a 661.3b 2.24Db 8.89 bc
40 ~ 60 8.13 ab 1364 bc 6.41a 1352b 269.0a 596.0c 690.5 a 2.73a 99la
60 ~ 80 8.53 ab 1359 cd 6.12a 1393b 2440b  616.7b 690.7 a 2.67a 9.71 ab
80 ~ 100 8.90 a 1347d 6.25a 149.2a  2500b 600.7 ¢ 695.2 a 2.6la 9.94a
Moss-crusted 8.25 1363 6.33 135.4 245.2 61.93 67.68 2.52 9.36

T P R E A IS REAS ¢ RS04 B o S S A o IR R M4 {25 5 {35 (P<0.05), TRl

22 YR EEXTIES BN

T3 253 W e W AR W 45 Bz 55 1 W 2 ) - 4 0y 8
fiEJ1(P=0.000, & 4), -3/ He SIBEE Y4 & 5
AN TN, MG R EY 0.160 kg/(m? s)ik/IN
#| 80% ~ 100% #JEHY 0.008 kg/(m?s), M 7 REA t
Ko 06 2% B 45 Bz + 30734 1 0 B Ak ) 3 IR TR
M (P<0.05), SxFHEAHEL, RNIFEEEE T 0 485 B fg
U/ T 50% ~ 95%(F 4).

FHXT 139843 25 39 R (relative soil detachment, RSD)

A 2 B R W Ay B AR D) S L B g
P LGB, 13 20 & SRR A 0 45 Bz 5 B A 3 K
RSD S F5¥C= 1 (K 2).
2.3 EYEREEI TIEFME BN
A (@)L IR ) 25 (e v] il
G BTY) J7), K IES B SR 403 m] otk A T
0.009 5 ~ 0.000 9 s/m, Ik X FEAF b 4t y4) AT ok
(0.018 7 sS/m)iy 2 fi% ~ 20 £%(5K 5). ST HRAHLL, 60% ~
80% £ 80% ~ 100% i J& 7K - Y 4l 14 mT fulu 2 43 Jil) P
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Table 4 Descriptive statistics of soil detachment capacity (D)

GEEO) 0 WUMAKe(e)  Rkfike(m'e)  Mffike(m'e)  FfEEKg(mTe) AR )
A 30 0.014 0.527 0.160 a 0.061 38.0
1~20 30 0.007 0.157 0.081b 0.048 59.1
20 ~40 30 0.006 0.140 0.066 bc 0.041 61.1
40 ~ 60 30 0.005 0.117 0.047 bc 0.029 60.8
60 ~ 80 30 0.004 0.091 0.031 bc 0.021 66.4
80 ~ 100 30 0.001 0.070 0.008 ¢ 0.011 137.2
Moss-crusted 150 0.001 0.157 0.050 0.039 78.5
Lok ~0.940 Fl1 —0.969(P<0.01), WtAl, &5 57 35 B FlE 2
& o ‘_\\\ RSD=exp (-0.025C,..) l‘?%ﬁ%%*ﬁj@; FICAR &E;SL(RO'ODO T
2 U R=0.950 1 SEJm PSR bR, LHEREAS ) | BRI R KA HERAA
£ ol TR ATHUB S5 R M B ) P T
LE — . PlpE S R DG, RIS E AR E i SR
m 047 S FRRIEMG . BRT R pH, Hofl R P b K
2 0l L Fo 5 AR R B A X
i T 0.12
0001220 20-40 40-60 6080 80~ 100

HEMES R TR (%)
E2 HNTESBRERSERZEENEEAXR

Fig. 2 Relative soil detachment (RSD) rate as a function of
moss coverage (Cmoss)

x5 TRELCET DA MMERIERSETH
Table 5 Rill erodibilities (K;) and critical shear stresses (zc) under
different treatments

o e e EVEVF AT E GRS R?
(%) (s/m) (Pa)

PR D.=0.018 7r-0.056 7  0.018 7 3.032 0.952
1~20 D.=0.00957-0.0287  0.0095 3.021 0.967
20~40 D=0.007 97-0.0252  0.007 9 3.190 0.977
40~60 Dc=0.005770.0182  0.0057 3.193 0.938
60 ~80 D.=0.00377-0.0118  0.003 7 3.189 0.957
80 ~100 D=0.0009z0.0027  0.0009 3.000 0.929

FE: Do HIEAEIfE S (kgl(m? « 8)); T /KRB (Pa).

24 TESBEIREMIIEZE KR
AT o, 133853 S RE ) A8 AT vk 55 4E
WPk K R R IR ARG, iG S BT U ) S AR 2
SR IR A AN 3, 3 pH S5 ILfliAE R
[EIRAAH (R 6). X TAWEE e fabn, 1135 25k
T35 HE 4 e 5 RN EE FE X S 2R OG  AHOC R B0 3l
S —0.746 Fil —0.612(P<0.01); 44 n] fhik 545 M4k
B 55 RS B [ AR 5 W A O, MO R B i ol

o MG K=0.018exp (~0.028C,..)

R*=10.895

Z 0.09}
s o ML K =0.085exp (—0.047C,,..)
H R =0980

= 006f

E

0.03

0 ' L L o
0 1~20 20~40 40~60 60~80 80~ 100
WS B (%)

B3 AMRMETARARP@BATEEK)EELEE
(Crnoss) I EIVA 512
Fig. 3 Comparison of rill erodibility (K;) as a function of
moss coverage (Cmoss) in this and previous study

G RT O, 2R A2 Rz 5 - 4w PR ) T BE AR AR AH G
SE PR S RAE TR e 3y B L AR AR E— 2
T 38 32 A 1] U RS A% 43 T ok i 2 i i) - 498 43 B Y 2
TR R MHAE A

XFF e BIRE 1 (Do), B IR AT RS
T (Crnoss) « I EEZE J7(Coh) R 75 (Sand) i £
AR, SRWIT LR

D= —55.332-1.073Cpnoss*0.596 Coh+

0.227Sand  (R?=0.956, P=0.000) (5)

AR AT 7 4 B i RN A Ty x L3 B hE
G, RS RN T B RE S N IERENA (R T7),
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Table 6 Correlation coefficient matrix of soil detachment, biocrust and soil properties

fats B WE JREE RESh AE pH Boki briE kL WSA MWD Al

D. 0587 -0.746 0612 -0.663 0.685 -0.009 -0.716 -0.296 0598  -0.740 -0.537 -0.652
K: - 0940 -0.969 -0.988 0980 -0.003 -0.884 0415 0772 -0.907 -0.786 -0.924
T - 0.195 0.172 0309 -0.129  0.319 0.265 0.052  -0.180  0.382 0.326 0.393
i 0.834 0.957 -0.886 0219  0.959 0436  —0.828 0972 0.816 0.940
JERE 0.931  -0.962  0.123 0.772 0.308  -0.637  0.802 0.691 0.835
e -0.959 0110  0.918 0.377  -0.915  0.909 0.769 0.911
ki 0.029 0786 -0.484 0768 -0.848 0787 -0.875
pH -0.050 -0.204  0.169  -0.143 -0.282  -0.056
g% A 0.279  -0.740 0912 0.680 0.894
bAp A -0.852 0597 0.825 0.621
(A -0.764 —0.948  —0.922
WSA 0.917 0.994
MWD 0.919

I DB 1 (kgl(m? s)); K, ANV Al itk (sim); o MG FL8THT J1 (Pa); WSA Sk FatE I 344 (%); MWD K-
(mm); SOC MAHLER(g/kg); M FRAHICHE ik # (P<0.05),

RT EMERMTREBMEXN IR BENZMHIBER S0

Table 7 Path analysis of biocrust and soil properties on soil detachment capacity (D)

¥ HHEEM ] HeAE SRR ] SEH IR FREL
Cross Coh Sand
Crmoss -1.558 1.146 -0.334 0.812 -0.746 0.319
Coh 1.198 -1.491 -0.370 -1.861 -0.663 -3.023
Sand 0.404 1.290 —-1.096 0.194 0.598 -0.103
€ 0.210 0.210 0.044

TE: Cuoss NETRIEIE, Coh N TIERGEE ), Sand bR &L, ¢ WRIARET.

VR HAZE f7 55 B ol - SR 4 IR PR S BN & I BBV () JBE 4 1 (Coh) R4k K 35 B (Crnss) Y T PRI AL
HEE ., NRTETLUES], BRI SRR B (E 4)

BERRAK, A -1.861, Ik W4h Kz 55 (0.812) F1
Wb kL 4 (0.194) , i L4 A FH ALEAE FH I R BH
Crmoss>Coh>Sand, T3 RELFRIMA Cross>Sand>Coh,
VR P2 Ky 5 B Sl - 4853 B e T PSR R BE 4 1Y
PR R BRI H o 0, Ry BRI R4
R4 100 BRI SR 05 K (1.198) , (HHGH i 45 He
JER IR HEAE P B K (—1.491), HLAMRE & i il i 74 )
4 B B2 A FH AR X 450 7R3 (-1.096) . Tl 4% IH 7 i 448 2R
oMYk 2505000 0.210 1 0.044, LHIA A HiAlh NS S
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