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Study of Biological Soil Crust Permeability
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Abstract: There are many methods to measure soil permeability, however, each method shows some defects
when used on the biocrustal (biological soil crusts) soil on slope lands. Line source infiltration method is a
simple and rapid method for the measure of infiltration on slope land without biocrusts. In this study. the
water infiltration processes of bare soil (control) and different types of biocrusts, including cyanobacteria
dominated, cyanobacteria-moss mixed and moss dominated biocrust soil in the Hilly Loess Plateau region
were tested by using line source infiltration method. Meanwhile, the simulated rainfalls were applied on the
same plots to get the permeability of the soils. The results showed that: (1) The line source infiltration
method can describe the water infiltration process quickly and completely without disturbing the biocrusts.
Meanwhile, the parameters such as initial infiltration rate, average infiltration rate and stable infiltration rate
were observed stably. (2) The initial infiltration rate range of different types of biocrust obtained by the line
source infiltration method in the study area was 3 ~ 12 mm/min, the average infiltration rate range was
0.5 ~ 4.5 mm/min, and the stable infiltration rate range was 0.3 ~ 1.8 mm/min. With the increase of moss
coverage, the initial, average and stable infiltration rates were significantly different. (3) There was a significant line-
ar correlation between the stable infiltration rates of biocrusts soil measured by the line source infiltration method and
those of the simulated rainfall (y=1.73x—1.24, R*=0.376 8, p =0.539" ). This study provides a simple and easy

method for the determination of water infiltration rate in biological crusts soil on slope lands.

Wi B HI:2019-07-19

FEE :EHE HRBF 4T H (41830758,41571268)

FE—EE K TIE95 ) B MR A, FENFAYLE LA BHLTEARAB LN ENS . E-mail:18220597828@163.com
BEEE R A AT ), & W50, BB NI Y S i A B EEM ST . E-mail : zyunge@ms.iswc.ac.cn



%13

TR TR R EA TS B TR A W 45 KB i3 T 5 v 1 129

Keywords: line source infiltration method; infiltration rate; simulated rainfall; moss coverage

MW G5 Kz (A 55 Bz, biological soil crusts) , 4&
FEHAERAE R T AL DL Ay B A D
SR LR SRR A Y o S A 5AE
MM ERE A2 B4 b KGR B ARs B
TG  AWEE R ZRE Pk 60% ~
0% . BAHEEMASD R, BE M T gL
PER (BEKAB ART DL R 3K Sy IR AT TR
EHZ RS R A P 4 B 3K A A
Bt R B AR 4 R A A5 T e B X DX K SC
TR 1) 52 ) 2L AT &1 2 e B ORI S BR 1A .

KT ANB I T IEY) B2 RN R NS . 125,
AREHOKFABWNE T EABRZ, A TIE B
i AR B R K SR U LN TRERTE R R E
L B 45 Bk 2% A B 0% (i Hood A B AL . Guelph A
BAOSE . SR A= W45 B 3 A T R BRI b 3
HE55 . 5 %, AW E + 58K 50 A8 09 7 35 78 0
WG Bz R K 43 N B B B AEAE — 5 B . an L
IE Z 5 R A O L S50 B 3E AR L3S T B A
T 5 X5 b [6] 3832 37 1 RE  (H 78 XU 0 i
T o 0 b A BT [ I 2 T i 20K b T 3%
BE/IN T S B R 2E A K, IR L R E ) AT L (H
W s A E B MBI, BEABN
BB T A KN R T R E R AR
M 4K s imvE E BEAR KR E B IEA 45 5+
oK A5 3 W S B BT A A R R E — IR
BT EA AU VT RE S U AR YA R A B
FLCREERMME R . N TREREAZ P &R
s 5 290 alis T AE WA R A B R
A E S AHN TR R AN A R L R i, X AN 7 )
FORB R . UL, YT 2 B R EE AT
W7 A= W) 45 B 3K 43 A8 R Sk B 1 7 1

LIRATEAS 2 5 48 25 M 4R K o o i
PR 5 M AR TE AR O i A5 T A 7 M 9 Vi 1
FEHE A 19 50 4 o) 2 A 57 9 - B8 A VB B T A ik
5 VR B 17 B R 1% [R] IR 0 1k 6 A b 1) S OR A
I FT AR BY Al 2 2 Fh 250 T R 8EK 70 A8 1 TR
M AWy 85 R 2200 % 2 T AR 45
TG AW E N IZ T IEAE AR 4 K 1K
SFABWE R BEA AT, SR, 124 M ik, R W
K2k T B A B SR 3 A W 4 e 1 1B aE T
D72 ORI 5 A DA% 7 1k S B g v ) T o L A
PEAE ORI

IRPHA R TR S , AR W48 M A 8+ el IXR

PR m) 2 RE P Ak 600 ~70%0
2, R R IR B L K o A8 e BT P
B 12 DX A 0 25 B o 3R Bk b 7K 43 35 37 M 1 5 ), %o B
112 DX IR B A bR K ek B BB T,
I AR SCR IR R AR A B I E T 288 /DB 6
Nt 2D BESE R R R B RE R R AR W A5 B K oy
NG R Rl B0 BT AN R S B A W 45 B v 3K
AN Sv A U IR NGNS PN I %178
IR BT A5 K 40 A 3R X L DL TIEZR IR A
TS IE AR 5E A W45 B 3K 0B m Ve AT ATk
R A 2 B K G318 38 M R ATE Y A4 — T R
B UL 5
1 M55k
1.1 #MREER

I AL T PR P A E I BRI B AR X XA T
BEPE A PE AL, A4 107°91' 70" — 107°93" 16", JL 46
37°29'32"—37°38'61", i 4k 1 303~1 507 m, M I iL
WE o AR SURRAE LA PR 0 K I - — AL T L 85 P
AT, B ER Y B SR S R XS AR X
K TCTET G 43K e . R TR BT — K
ACE 1] 1Y 52 e b B o by 6 I 34 I 3 10 20 K 0 .
KO3 KW BT M RS K 1L DX 23 Sy 74 B v e 3
A PR TR AR R A TG TRT = DR A Bk YT A TR X A b
PRI . P &R A T e B VAR, R T ALY
52.78% ALER N T R YD BEE G AP RELX, 5 B
BUY 47.220% o J8 T M ALA T 4 e X,

PRI S T 2T R ORGP R A
TR REHFZ N E T 5 KR A%, HIRFE AL .
2238 HF i 4R B A2 AL R AR SRR 7~ 9 CLREK
 250~450 mm 4 H B[] 2 743.3 hoAFFE TRk
W1 141 d, 45 %t JCFE W) 110 d, =0 “C YRS 575.6 C.
BP= /5=t o 1 = W15 S ) S N <
FEATACEYE UL SR 1, % XA B 55 AR, A AR
BEE DL K F (Lespedeza davurica) . B8R
(Poa annua) . @ B & (Thymus mongolicus) . [
B (Artemisia capillaries) JE R (Marram grass) 55
FA Ry
1.2 iRt

N T BB IRA T B 1 R Y M A W) 4 B -
BB E AT EEYE . T 2018 4F 7 H LI A X HR
VEZ B/ CEEE P 2 D B SRR R R
(18 A e >R FH A% 7 vk 0N TR 40 6 W 9% 4 3]
FETHIE LK T BB IR P R E A B LR,



130 K LR AR 5 34 &
F1 HHEMEAER

FE HHLR/ (g kg™ ) £ N/(ge kg V) 4 P/(gekg ™) ki /% Wi/ % Boki/ %

i 2R 0—2cm ZWE 0—2cm ZWE 0—2cm R 0—2cem ZEE 0-2cm ZEE 0—2cm
1-1 18.97 9,27 1.06 0.61 0.53 0.52 17.71 14.60 23.02 15.31 59.27 70.09
1-2 18.07 12.38 0.85 0.55 0.54 0.55 12.18 12.60 16.20 13.83 71.62 73.57
1-3 14,24 9.59 0.75 0.42 0.52 0.47 12.56 12.71 16.46 14.37 70.99 72.92
2—1 18.18 7.78 0.45 0.53 0,48 0.44 11.52 13.87 14.81 13.71 73.67 72,42
2—2 12.40 8.36 0.76 0.43 0.49 0.48 11.67 12.06 14.62 12.84 73.71 75.11
2—3 12.05 8.36 0.71 0.70 0.49 0.51 14,25 12.94 18.64 13.97 67.11 73.09
3—1 15.50 8.80 0.57 0.67 0.53 0.50 12.35 12,51 16.32 13.82 71.33 73.67
3—2 16.42 9.04 0.43 0.45 0.57 0.41 11.45 13.92 14.69 14.35 73.86 71.73
3—3 17.47 9.58 0.59 0.44 0.47 0.45 9.05 12.55 12.04 12.74 78.90 74,71
4—1 20.15 8.21 1.01 0.56 0.28 0.47 9.97 13.46 13.38 13.02 76.66 73.52
4=2 22.98 7.94 0.79 0.56 0.55 0.50 11.28 13.23 15.37 14,45 73.35 72.32
4=3 16.18 23.32 0.43 0.65 0.58 0.54 12.16 12.40 16.16 13.02 71.68 74.58
5—1 27.48 12.25 1.17 0.64 0.55 0.54 12.29 13.77 18.22 15.62 69.49 70.62
5—2 22.30 9.27 1.10 0.57 0.54 0.50 14.87 14,11 21.41 14,07 63.72 71.82
5—3 21.42 9.97 1.16 0.56 0,54 0.56 10.45 12.68 15.36 13.39 74.19 73.93

1.2.1 DR AF ENFGE KR HE B S 1 i B AR PR R BEJEK I KR A A RRAR AL RN S B R, SR

el b R BUE S kB RAF A AR IR B
A GERT G, 38 A 6 R Hb i SO0 K2 ) A 1 56 R A
TEBUE FETE 20°~ 25° 0 [l 9 (0 F 58 B b . B A 450
VLR 2 J e TG 2 R RE 5 AR . FEEPEAE L
Jei o FH 25 RURE T VR R A R S /N IX 1 AR ) 45 e 55 B LA
BES R RIER B, WaEssm ) h<<15%,15%~
30%,30% ~45% ,45% ~60% , =60 % , ¥4 #F 35 FF
B w3t 5 N AW E R BFRE, 40 1,2,3,
4,5 RN 5 MAEWE AR KB BENE, £
AR 2.1 m><10.0 m AR EE /N X, DURR 7R X R
Pl A O 5 R b R AE Bk, B AL IR E 3 N E A
AN AT . (A U PR, ARG A4
B 1) 7 o AR A3 — 350, BRI UG, AR SR 5 A 55 /N
XY 3 AT, AL B 35 AR S ik, A S0 3]
T AN R R T BN AL (R 1 ORISR 2),
F2 HBERER

WSS BmIE/ 0 WEIE/ N SRR/ SRR /mm
1-1 7.73 48.80 61.07 8.46
1-2 9.47 44.00 69.60 8.40
1-3 16.42 46.67 69.87 8.00
2—1 22.37 22.93 68.80 4.52
2—2 30.59 50.13 85.87 9.14
2-3 32.34 37.07 81.60 10.87
3—1 32.34 35.60 80.61 9.56
3—2 33.12 11.47 57.07 5.60
3-3 35.93 20.80 63.47 5.41
4—1 38.03 27.20 62.93 5.89
4—2 44.59 23.20 68.80 4.67
4-3 45.40 24.53 69.60 5.10
5—1 52.09 8.27 79.06 9.75
5—2 55.32 11.20 80.00 12.05
5—3 55.71 7.73 78.40 14.07

1.2.2 &RNANSEH RIFEAGIRERE B d kR

HAE AR, O A 18 em, 5 45 em, A 11,451 L,
3 2K I A A A o A T K R KR A&
Az g EK B A AL B B I T S & 20 A S A
AEBEME, E—RSFHR 16 em X115 em X6 cm B
MRS &+ 8 DK% 1 em K 18 em JEJE 0.8
cm MY AORE B A LB & F MK, BE K R
JK 8 2 K R 20 A B Ok E A A R A K
MBS AERE, ZHEYHA 10 cm X 10 cm
B IE 7T PVC A, F DAAS X 52 A2 10 AL A AL A Sony
ILCE—5100 E#L,1 min H3h#4 1 K.

D S A AR/ N X2 Y 30 em X 30 em ML Bk,
JCE S L PRUE S TR R B, A 1 AN BT il 5 DX s )
b J5T K ] ] J5 B 5 3 S A R o [ Bk A ) 0 1 T AR
AR L, 0 5 foff R 8 1) B0 1) 5 304 T g o R
Fe—20, 0TI e KR, BCE S IR 2R AR AL
AR B fof7 T 3 AT 0 5 b 2 AR B S L
€ FFRRHT L A Y 5 IO S 0 5 K8 oK H Ry 22
H7 8 em s FE K BIREME 18 L/WY . I if
e, AAEPL 1 min FA8EGC S 1 U M 208 0 11 AL, (R
i 2 B PR 7K B, I 722 35 min,

W RSF N 16 em X 15 em X 6 cm B9A HLBE BE & F1F b w2 K i
KA QKD GERE S R @ R K B T8 2 K
s QR hARIE,

E1 #HEREKRRERTE



%13

S $8 R« A 3B K e i 5 O L 52 O TR B B Y
AB K ;

T 1 T AR . 2K JH Photoshop &b B8 45 43 #h 18 18
T

ABHEFR RIEFEREP BB ARXITEE
WAL FIEABER TR AL
BABE
o="1i.AvdAa (1

A e MABEHE (min) 52, 0 A B BB E] (min) ;A 4
AB BRI NABIERAR(mM?) 51 HABHEZE(mm/ min) .
PRSI [R] A

A

g=1i(A,0)dA (2)
0

CI1~1.1A1

(I2%l‘2A1+l‘1A2

q:%%i:%A1+izA2+i1A3 (3

q.~i,A +i, A, +...+i A,
KH A LA s AHTERTBE £ 5ty oo, SN
TR AR 5700 a0 s s i, AN A BT Z0 6T D A £ A B

n—1
(q,— 2 Z.jAu*j‘Fl)

y = i=1 = cee
1,= A, n=1,2,3,,n (4)

ABEFE R TR WK R BB A i R R A
3 min K G A BAE B L A W) IG A B A,
AR 35 min RIS A R 1T BE AR T
BABE R AB 30 min J5 A BB KB EEN
REANBHEE,
1.2.3 ATEEMBE®RE FEEENRE/NXE,
U N TR LR R A A%, R N TR SRS R 48
(EL—RS3/5) #F 47 B L B¢ Wi . A 480 B W R 3% R 90
mm/h, FEM BT 1 h, FEW 735 . 8 3 min #2001
UAR T . BT 45 o T 2 A% U o, 2 4 I B A
B i 2 L AR T R A, R K T A R T
FRIBE T A T AW 45 % HIEAB R, K
SORFFEFR 45 BAT 12 min (93 A B Fid b E
ANB R,

R A8 7K 2 S 7 J5 R (o T 0o R o 2%k 2R
) TR

P=R,+1I (5)
KX P FEEWE (mL) R, HZRFE(mL) ;1 HAB
& (mL)
R A5 — 52 Bsf 1) P &g T A (P AR O # (R D) 5
AB R (i, mm/min) :
P=R(t;;,—t;)Scos a (6)

KT S L LR AR S VR A AR W 25 B0 3 PRI 5T b i 131
JR T )
! 7S([,+1 _f,')

KR HFEM R (mm/min) sz, o, R4 BB IR
ARWE] (min) ;S AR (mm®) 50 HBE R H
25 Bk B G I ) i AR U i (mLL) .

A SR 2 2D TR TR 25 4T 1A
1.3 Hi S RER

i Adobe Photoshop CC % 4k 3 5¥ 4 A B iR
5 ds R TR K g A R, B SPSS
16.0 B XF N TR LB WY 5 48 U6 A 3t 3K 56 BT A5 19 +
SR oy A8 HRAE AR OC K J7 22 53 B . T Origin 8.0
A XS AR A 25 fe AT 3K oy A8 i 1 0K
[ # 55 B2 N 3K 3 A B HURIE
2 iRk 5nbr
21 ZRBEABRNEEZNEAEXBEME R TEK

SNETE

&l 2 AT HT R [A) R AL BRI K 3 A B i R 2%
i B (CTCAE 45 B 50K 01 is A B 22
28 mm/min, ffi & B ] 4EFS 2 T B, 15 min J§ A B
AR RN ZE I B WG E T 5 mm/min ) 33K 7
NS, W NX L WIRABERL N 3 mm/
min, A5 A I ] ) HERS 5 B 2218 [ I OF7E 10
min J5FE T 0.8 mm/min K2 E A B # K, 1E#E
45 Bz /NI WD s B B Bl o B () A HE RS, R IR A B
HARLRFF 12 mm/min F2E AL TE 8 min J5 . ABH
IR T BE B TE 30 min 545 1k T BE IR+
2 mm/min PYFE A B H A,

TE B 5 B B0 1 BE 25 /N IX, A B IR 1T 6
min, FHEK /P A B H R B AR 12 mm/min 13
SRANAR X 54 4 TG4, B B /NI BB 45 B2 /N X
ABHBAVR 2R, WTHeeh TEZ K /NX L EA
B I IR B BEEE 25 Fiz A W) 43 S AT oK Y Ry B 2
WK B FAR S K A A E AT 2 88 A UL TR
TR AB R, R, B 2 BT AS [ SR Ak
FRY ) U0 AN HR 25 S W 0, RS IR K o0 A5 R
R A EELE  >PAE B AERR b LB R
T o g 2 5 AR B /N K LB, B R RR £ K
) R A8 R (28 mm/min) K F 45 K (4
mm/min) H5#E45 K (12 mm/min) , #8455 5845 2
HOEA — B TR IKE A W45 K b EE SR AR ) o R AR
20 % LA B JROKFE A 8IS T B ah R, A
()5 R KPR T B 45 B /N X B R EOK W G A B R
(4 mm/min) ZAL T #E L5 (12 mm/min) 5 # +
/NX (28 mm/min) , HEA A B LK 5 A
B ORI T 845 2 SRR AR S 3+



132 K PR 2R R

% 34 &

BHEM ALK BABEREEFMRTREDX, B
UERIRA TR A S ik ] AT PR G [R) i R ] 2R IR R A B
T T LAV T AT M 00 A [ 2K TR A W 45 R K oy

. win s REAB BRI EREESR . WG
ABHE R 3~12 mm/min, FHABHFE N 0.5~
4.5 mm/min, MEEABHEEHN 0.3~1.8 mm/min,

(g A Bt 2 +HEK 4 (935 7 P fiE 32 AR B R T
0 R o 2041 ) 5 B AP I A D B AL | R A
g2 SEH) BHSE ) AT LR NP A B A AR L 3 T
é” B IR B YRR, RS B —E IR K
g” |$T%%ﬁ%g%mm¢%ﬁﬁﬁmﬁﬁmT%,
gm (45 - S K 3 10 A5 T 5 5 T 1 L S 0 45 11 -
<3 KA T4 5 R g A8 % B 2 25 T (1 R T
0 s o s 20 o5 20 3s MAERFEER, LA A B LN KA R &5
It 141/ min FEF 5K 4 AR AGE B BEA B R I A5 AL L 7843 12
B2 BERRRXMEWEELHASNSTRE et AR [ 8 25 O 2 0 % B K A A8 R 1 25 5
22 HBANRANEZNBHNENERTRAKINE  FIBGIE TLBA R A B e E R R #3554y
S 4 He 1 HEK 43 A T8 T o 1 AT AT L O T LI B R
F IR 3 T R [ 2 2 /N X i 25 8 5 B 1 34 TR A 5 B R T A8 Y B 13K 4 A B R
~15 ~6 r ~25
£ £ b g
RPN 1 gsr 20 f
® 6 ) . 1.0
T

1 2 3 4
EMERKERE

] /NG Bk 3 7 O [ A 2 ] 2% 55 1 3 (P <<0.05), R[],

1 2 3 4
EMEBRRBERE
WM 1,2,3.4.5 RoRBEHEEN<I15%,15%~30%,30% ~45% .45% ~60%,>60% 5

5 1 2 3 4
EMERRERE
AN A W 5 B TR % 7 e B BRE b s TR B AN

B3 ARLENMREMERLBEAFINEEER

2.3 EHEWREEGHTLEAKSNSEER
KN T AL R 48 (EL—RS3/5) 7 AT
RS ADLREE TR S0, N A () e 55 B A 4 465 e 3K A8 A
BRI ILE 4, i TR R B B A B
Rl BT 9 B R O L BT LN TR L R T 9k e v 45
IR LR K A A B HE N T B R R L 15
AN TR #5 36 JE T A4S 1 K A AN B R 0.8~

~20

—
(=)
)

/
1

///////////j

=
N\

%//////////j

i%%ﬁﬂiﬁﬁﬁ

=
-

I

///////////Z

=

TN B #E R/(mm * min
o e =
N -] [

//////////// /// ////////

DN

N
S‘“
V
&h

(=]

V

1

1.5 mm/min,faEABHEE N 0.8~1.4 mm/min, 4
W4k Ko + 330K 3 3 5 R E A B MR BE G & 5 Y
AR R —E MR HESARE, RIFA[F &
i B B R BOK NS R 22 S R R T2
TEA A VLW 5E A 7] 8% 55 B AR W) 45 1 1K 3 8
TR AT S

o~ 2.0

g

816 . .

g, 1.2 - e

gl_ a %

'!*,s\ 0.8 H

%0.4 v W% W% W% W%

'gé . W %//////////j %//////////Z %//////////j %////////Z_I
5

i%éﬁﬂzﬂiﬁﬁ}ﬁ

H4 BRAETRREGTHREASNSEE

2.4 gﬂ%i}:ﬁ)\um)\:’f/ﬁ 'ﬁAI*EMB%Tﬁ,%‘J“JE %1’5
X%
W ] — i /N XA A B g 5 N T

Wi T X6 A 00 45 K 0 AR A B R AT AT Ry
e T LR R AR 150 BT A B A R 5 AR AL T K
5 B A LR W 45 Bz K oy N8 R AR AR HA L (]



%13

TR TR R EA TS B TR A W 45 KB i3 T 5 v 1 133

5, “HEBEREMLIEMCKERE 6)(p=0.539",
n=15), RIYLE A U AB 25 109 W00 25 58w L 50
W TR A5 10 T AR W45 2 H 3Ky NB R,

)
g
=]

= 4 &m
g s o ZWAR )
g 7 [ A A
&g 2 o ° A%
+§Tﬂ- 1.0 A ©o
205 o o .
£
%@ 0 1 o 1 1 1 1 J
0 10 20 30 40 50 60
EMERERE/ %
Bs5s AEHEZENKZENTANSEETUESH
TEKSBEENSER
~25 r
g
o0 | °
g
15}
g
Lot
< I
= 05
= o '
&K 075 1.00 1.25 1.50

AT FERABERE/ (mm * min™)
B6 ZXBENRNEEEAIRMBEWEERNBEXHE

3 Wi

AW KR TR L — KRR AR, B
SCW R K B iE R BT AR W A R e 55 B R Y R
PE I Z AR 45 B H o A T B, 5 BOLK I3 8 &
W ROME . BIF5E 25 SRR IH L 2R U8 A U8 15 AT DL B
)R WA R 2SR A= Wy 46 B K s A it . AN
KARVEY S TIEVIIGA B R ERRK P51
EAB R R X TR 5 AR 2B A Yy 245 K 1Y
JRARMA G, AR R LS R ROKERT
BELS R, P FEAWE IR v, B A & 55 B2 A B I, AR
45 B R OKPE AR, 3 30 S0 46 A R
AN [) 2 HU LR W) 45 e - 38K 53 1) B A8 3 R 2 ) 2%
BR, PMABHEESIEABER FERRT -
AR G FLIRE () 5 BE | AT SR I B i AR e 1k
A AL i A AL R A DL b s P BE R R S
B E BB 22 R, I, HE ¥ 5T A
BHRES ST e REN R EER, H
WA T IR 5 2R A A B % 0T 1 6 1F 40 1
S WA [ 8 55 B2 R - K AN FRAGE B BEA B 3L
Hr i3 5aE A B R 5 A T B [ T i 15 25 S 77
T 35 YR AR SCOC R L R BIZ 7 20 2 A= W 45 1 1
oK ABRAATHES R, 5 N TR L
ARG IR A A S B B A 54 N 1) 1 % faj (i

Dy BAE T LUt R Y A Z2 B 25 AT R W 4l B - K )
NG H W E . [ LIRS 2k T HA
T3 VAR S 3o TR v X A 4 T SRR AT I e A
A B K oy N SRR TRAN T A4S B K
I NB DN E T AN L D9 M A W) 45 KoK 938 i 1

MBS ERAE T — U I7 ik . R 72 52 R A I 5E i A

SR LK A I E R R AR 2 Btk R

BRI K G MOIE A . S TR IR A A

BT AT R T AR A K K o3 A5

FE o 3K 86 PR 2R X LR AU AS 0 S 5 R AR 1 R

5 T i — 20 A IS S5 4R .

4 i
(D ZRPEN A E T ] LR G 1 38 3 1 A ) 2

T A= W 45 B 3K 73 A i B L AR IBOA [R) 28 B A= Wy 45

B R 00U Ao KA R R E A )

45 Bz 15K o3 A5 TR ST BE Y 7 1k
()[R ZE BRI A= Yy 45 B, W1 06 A8 R R £ > 6

B B >R EE B R K 3 A8 AR BEAE A 8] (4 5E

KB BT T B IF TR E i
(D TELIBATABIENE T, BEH AW 4 b

BT RE B IN, HHEOK X WG P R E A B R

EHERE L E R RE .

(D) LRIBATEAB LT A= W25 Bz + IR E A2
AR N AP R a0 45 2R 2 0] 5 Wb 35 (R 2 PEAT G
KFR(y=1.73x—1.24,R*=0.376 8,0=0.539" ), F W £k
PR NAE V5 T E B 1Y) 2 e 38l A ) 205 B¢ 1= 38K 73
MABHEAR R AB TR,

S E WK

[1] Belnap J, Biidel B, Lange O L. Biological soil crusts:
Characteristics and distribution [J]. IEEE Antennas &
Wireless Propagation Letters,2003,8(4):1299-1301.

[2] Scott F, Reed S C, Jayne B. Climate change and physi-
cal disturbance cause similar community shifts in bio-
logical soil crusts [J]. Proceedings of the National A-
cademy of Sciences of the United States of America,
2015,112(39) :16-21.

(3] &AM TR, E4J0, 5. 8 1 B KR Hf A Y4
Bexf g EL AR B 2 [T, 3 4R B IR 4% 4, 2006, 21
(3):441-448.

[4] Neuman M K., Maxwell C. Temporal aspects of the ab-
rasion of microphytic crusts under grain impact []].
Earth Surface Processes & Landforms, 2010, 27 (8):
891-908.

[5] LiX]J. Effects of patchy distribution of vegetation on in-
filtration, runoff generation and resources redistribution
in Tengger Desert, north China [J]. Oil Depot & Gas
Station,2012,14(31):2191-2199.



134

KRR R

% 34 &

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

B S VAR SRR AL M R K A AT
SR B BR R R i e KU [ . 0 A= 2 2 4l 2008,
19(5):1019-1026.
Barger N N, Herrick ] E, Zee J V., et al. Impacts of bi-
ological soil crust disturbance and composition on C and
N loss from water erosion [ J]. Biogeochemistry, 2006,
77(2):247-263.
AT TR S i COT G 15 A DA B B B S A % b 3R
A4S Tl B % 43 R R B e [T ], b [ b, 2011, 31
(5):1112-1118.
AR RO NE L 0%, A5 OBU B AR X - A8 R
W] K E AR A, 2012,26(4) :94-97.
RRE O A S50 B LB I T R 0 LR
CIJoK R FFE R . 2012,32(6) :163-167.
Fortunato R P, Degrande P E. Simulate rain about ac-
tion insecticide flonicamid in the control of the cotton
aphid [J]. Acta Scientiarum Agronomy,2011,33(4);
603-606.
FLIRI N TR R 2% (4 38 Bl i+ 38 3% 4 o 2k il 38 F
FELD1VE 2 . PY 2 B TR %, 2007,
AR, RNV WS4, 4 B i 1 SRR AR AR A2
TL— AT — 7 W Ty i SRR T ] rh B R kA
#,2005,35(12) :1180-1186.
AT R SRR R T X AR 4 e RS E M
m [T 0% FH A A5 4 41, 2017, 28(10) £ 3227-3234.
Karpf C, Hoeft S, Scheffer C, et al. Groundwater in-
filtration, surface water inflow and sewerage exfiltra-
tion considering hydrodynamic conditions in sewer sys-

tems [ J]. Water Science & Technology A Journal of

(B35 127 7D

[19]

[20]

[21]

(22]

(23]

A R T AT L HOK Y AN BRI
AR AL 8 [ . ARl TR 244, 2009, 25 (6) : 40-45.
FERE, E2IL, BER 55BNk B R R 1w Bk
B LA B R AR B O 52 LT ] K AR FF 27 4, 2014, 28
(1) :31-35.

TR BB, 1R R AR P R PAM S X 8 4 Rk
SIABRZER B[] K £ AR FEAF5E.2018.25(5)
134-140.

T, FE R Shainberg 1, 5. A H PAM Jifi A 5 2 %t
HIRAS A= bl i 52 e [ ] Al TR 2 4, 2010, 26
(7):38-44.

Lentz R D. Inhibiting water infiltration with Polyacryl-
amide and surfactants: Applications for irrigated agri-

culture [ J]. Journal of Soil and Water Conservation,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[24]

[25]

[26]

[27]

(28]

[29]

the International Association on Water Pollution Re-
search,2011,63(9) :1841-1848.

Wooding R A. Steady infiltration from a shallow circu-
lar pond [J]. Water Resources Research, 2010,4(4):
1259-1273.

M B A A, B ] B b K Rk A A DX A
45 K A AR RS K R e [T ] Rl TR A Al
2007,23(12) :35-40.

W Y FHE BV A B T B T R 2R AR VEAN [T ] B
A BHF,2018,594(17) : 222-224.

B, - BB E B RX LR RS
ARGy KM 5T ]K BRI, 2012,32(1) : 26-32.
BARMAL L R H , 5K AR AR Bt A OSE S il 10 AL T st i 28
ARAAFE ST (D], H VP . 2009, 29(2) : 223-228.

WIER, B, &, LA B R A LUE A
IR ] A TR %4, 2007,23(1) 1 1-5.
Knight J, Warrick A W. Steady infiltration from line
sources into a layered profile [J]. Water Resources Re-
search,2003,39(12):1327-1335.

Communar G, Friedman S P. Unsteady infiltration
from point and line Sources in laterally confined do-
mains [ J]. Soil Science Society of America Journal,
2013,77(5):1529-1536.

Zeng C, Wang Q, Fan J. Effect of initial water content
on vertical line-source infiltration characteristics of soil
[J]. Transactions of the Chinese Society of Agricultur-
al Engineering,2010.,26(1) :24-30.

TREG R AR, B, LR R R X AR B+
HEn R K ELT TR AR 25 22 41, 2014, 25(3) : 657-663.

2003,58(5) :290-300.

Wbk, 267K 22 oK. T vk VAR FEL O P )+ B
PERIFFE [T AR B 2%, 2014,47(22) 1 4453-4462.

200 FR . 8 WL 5 A e it Ry =X 0 R 4
KA B 5 KRNm0k T/ % 4, 2016, 32
(14):135-144.

B 5.k UL 3T L R W e R X R KA A
B ZE R RO AS AR AR e L) ] 40 TR 25 4, 2015,
31(16):128-134.

K H B SRR L, S5 B X K 4 A B RIZE kY
Wi 9 22 PR BG [T ]. 4%k T R2 24417, 2010, 26 (1) : 109-114.
Wl F . TR 52 L 2. o S 4 A R R X K B
1A BRI T Ak T 244 . 2003, 19(4) :37-39.
SEUE R B R AR R T LA A R 0 B 5T
JRLT] A TR 536 45,2018(10) : 246-247.



