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3t BEATAE % B DoseResp fiZk R AR (P <0.01) o AHF5E
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T X R TR TAH) 1 ~2 ¢/ (m” - a) 3B
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JZ A ERUR LS | FLBR S5 AL A - S A B AL
163 R 1 (11257150 = /25U Sl

Ci o) e e S i S S € o 1] N b
FeFE [ 1999 45 LR AR 1% X R MU S * 3B B ik AR
(50) " TR AEAT AR, i Fe AR 245 B K T AR
RE PR B T 60% ~70% 2" % 7K 43V
PR T AT . [RII Bl SR 5 0 R 2
T, Sl 23 OB A S A W B ARV AL, DT —
AL A5 3, R 7K SCIE 6 77 AR 25 5
ORI, ST A T R DAL A 0] B T A8 i
FEAGFE AL v AN 2 i e — 2. 2T,
ARSI i D LR et AR B S A D IS
XA, BCE AN [F)BR R 1 t SEK P B R DR, R GERT
FERBIMAENET BRI S A W2 B AR R AR RS
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1.1 ReHiE
111 5 A A

RIS IATBE 15 A>T, A TR | T8
FREE> WM 2 m 1 m F10.5 m B EE N 15°, 48
I IR A IR R R A £ (0 ~20 em)
FHRL AR AR RL B AR R 12.92% ,63. 99% FiI

23.09% . A FRE AR L3 2 mm FLIH, JBR A
WRFIRR A o IR R IEARAE 5 om JEAG 4IRS, IF:
i b — 2 AE I LA, AR IE LK 35
Bo WA LA TG 1.2 g/em’ 24,
O34 Y A BT R SE, BRRERE T 2 I A
FHITE, EREIEZE 2SR DR
540 cm,
11,2 HFERFE SR KT

2013 427 A S X H A 12 A LA
(7350 3 A LA Ry BRI BR ) $2 BR[E] #E 20 x 20 em |
Tl CURBE 0.3 em B 19 350, - 70 8 T 30 5 0
JE TR, FREAEAR A AR E T, >R FH ) 1 ik, 43l
HAF R SRR B2 50 #k, it 4 4>
T EK - KKK 0 g/ (m? -a) (Ny) 2.5 g/(m® - a)
(N,5).5 ¢/(m®-a) (N;)F10 g/(m®-a) (Ny),
R NIEIRE (E AR 35% ) , B A K E 3
NEE . BWAEWNZE6 ~9 H 7 A AR HE , it 2 K
TIF TR Bl 4z PR TV &0 2 VS i 1K v, B A9 il 1 B
FFRIYI, N, Ak BT 45 5 0 5 K AR 2
J 1R, &t 3 FARAERK, HFERBEE R 74% ~
93% ,HEWLE B2 BN EELS B RN B, S
FT6% ~98% (F 1),

F1 AEBRKETEHEEREILMREREFE
Tab.1 Near surface characteristics of Bothriochloa ischaemum

community at different nitrogen levels

2R R A 45 B AR AIE Ny Ny s N; Njo
FEE R (% ) 74.2a  92.6b  92.3b  93.1c
PR F AR (¢/m?)  150.3a 313.4b 351.1b 502.3c
M BEAR TS (kg/m®) 2.2a  3.6b 3.1b  2.2a
2 R (%) 9la 76h 98¢ 90a
HEELE R E (%) 87c 40b 51b 27a
BRG R (%) 4a 36b 47¢ 63d
BELE H7 R (mm) 7.9a 5.1b 6.8¢ 6.4c

T AR PR RN AR R Z K Z BB B35 225 (P >0.05) .

1.2 {IG4bIE

RIS 3 AL AR (T,) (HEF(T,) A
FH A+ WL (T,) o Ty ALBONERMXS B, A B AE
H 25 H IO AX T Ty AR3L, T, AbFE N 1 5
RO, SRAEAS Rt B KT 1 SE FRp R R
U RHIEXT LA B SRR R T, AL HNEAE T,
AL BRI A I T M AR W AS B RAEAS [Tt A
TRV 2 BRI A ke A 45 B S [l X 3%
ANBEREM R (£ 2) o BUAN, M KRR TR 2
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I A= 2t BRI X 6 R Y S ), 25 BR 5 B i
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Tab.2 Experiment treatment and factors influencing the infiltration

W EEENE PR Pl A
Ty PR f IR
YR (B RSN E S
" -
FERRTE e
T FERORREE + RICHE NG, 112 SRR
’ WIS I 45 e S 1R

1.3 RIitiE

2016 47 9—10 IR Y i 56 76 2 4 = R+
BEAR il 5 A R 5% B SR 3N TR A R K
JTHEAT 76 2B A KA A TR R T S 56, R RN
oA s, PR B 16 m B 3 AN TR R
58 1.1.5 12 mm/min, FERRBHE] 2 90 min,
WA 2t e PP T S ) B 7 BT, 9 R AR R PR VD AT
SFRUCEE , BT AT 30 min 4§ 2 min YL —IK, J5 60
min & 4 min Y§HE K, 53S0 VD .
1.4 EHMIRIFMENE

W SE SRS, SR FH IR L I 52 S 3 B, X
A A A R E], BT (48 h
65°C) FREJGI 2] F 5 F AW i 5 U AR 1
FEARR(EE 3 W) RAKVEEE T, BT R E
AR AR AR E R, Rk (B K
/NH 25 x25 em, FA 5 K MSE AN R Fp A 45
M EMEE(ELD
1.5 NSMHEIEIRTE

T HEAB R AL R EEA B R TR
K H:

L T
A 1 Ry L HEA B R (mm/min) 5 p [ R 38
(mm/min) ;0 Sy FAEYE R Mr [T AR 7= AR 1 42
Wik (ml); S b A8 AL (em®) 5 ¢l B RN A (A]
)[30}0
EXAYNE 395151 L GRS IA 0NN 3 N
W PN Evarinialir
A =A£hh (2)

ArpA R BBAB & (mm)

(min

R AR TRGE I RIB TR
1.6 HiEALE

B 3 A A0 B R AL 343 51 >R A Excel. 2007
SPSS. 21 F1 Origin. 9. 0 % {4,

2 iR

2.1 WEHRFERET B 5 AT

o TR 5 A 5 T 3 T P IR A B I E IR
A5 A0 BT BT AE 7 A s T 5 B 2 I e 8 174 5 A T i)
(3 FE 1) ,2 mm/min [R5 EE T W46 7 i A]
BN, A% 1 f0 1.5 mm/min [ RN 38R BE 08 20 T
55.58% F139. 93% , A~ [w) 2k B[] 9] 46 7 3t B 1] L
RIAR K22 5. F SRR A: s fe 3[R
T () IR tG P e [ 141.5 s, 43 & —H
LRPEECT,) FHE T RE (Ty) 19 1. 64 f5F0 4. 87
i, F W 1 SRR 2 5 AT S A I ], LR
BRSNS G RBCR YT
it K- 23 2 S G 7 A R, X T, A
P 3 TR ey 7 i B T it 2 ) 15 i 3 K, o
No TEA T 3R T ~F- 22500 b6 7 i i (8] Ry 71 s, 43 ) 488
N, s Ns FI Ny 7K 08 2> T 86.59% ., 80. 68% il
68. 93% ;1% T T, Kb, B THIH 1h 7™ Yt s [va] D) i
BT BY 3G s/, Hor No 7K P8 46 7 Y i (8]
jﬂ 160 S,ﬁ’%u% N245 \Ns i Nm)J(S[ZE/»J 1.16.1.15 F
1.23 f%, 3% F B i T A )it 0K P % 3 3 R
HEFIAE 45 B (R W A 25 570 — T If, B A it 20
SEAYHG N, B R o B A b A ) N R AR
FESE N, NI RE LR P08 5 o3 — 3 T, o v Pt R e
—ERERE_ LA TS AR AT LR
g5 Bz, Hoa BEAE Ny T 5 Ik, A0 5 HAh i &K 7 1)
31.03% ~67.50% , NIl T B LI 5% 7 T RE 1 T o

300
—m— T Ab 3
—o— T, b
220 —A— T, 4b 3
= \
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L °
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Fig. 1 Initial runoff time of different treatments varies

with the rainfall intensity



FASINAAFT B R O MR AR W45 Bk AR RE Y S0 357

%3
®3 AELEBHEMHES=TEE  (HE7:s)
Tab.3 The initial runoff time of different treatments
TR T, T, 4b3g T, 4b3f

(mm/min) 4hH N, N,5 N Ny Ny Nps Ny Ny

1.0 40 103 123 128 135 205 195 193 168
1.5 27 80 83 85 120 155 123 153 128

2.0 20 30 40 50 55 118 95 70 95

—O—I1mm/min —O—1.5mm/min —4A— 2mm/min

de Kb ER

AB#EA/ (mm/min )

//A;( (o (B To®
DU
Ll

2

0.0 e L L
0 30 60 90 0 30 60 90 0 30 60 90
[ WY 77 B /min
2 AERERETEETNSER
Rt b R A R L i 72
Fig.2 Variations of infiltration rate with the process of rainfall

under different treatments and rainfall intensity

2.2 HWENSIRESH

B B 3R i 3 T g s 17 S B A SR B A Sl s
JEaTRE AR EH (18 2) 5T, 4L FAE 30
min JFiG 8 TRUE , AT T, AT, AbH, A% HH
TE 15 min @& TR, RYEH ARG T 25
TIFEE , A s R RE R IR BN R E A (B 3),
Wit P W iR B2 R K, 25 A B A B S A A ]
X Ty AT, REFR, AE 70 AR 8 (A Bt I 948 194 18 o g
Whn, mxFF T, 43, 1.5 mm/min [j5E T HIEAB
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Fig.3  Soil infiltration rate under different

treatments and rainfall intensity

AR, HAGE AB AR 0. 38 mm/min, 53 1] &
1 F12 mm/min F5RAY 1. 28 f5F1 1. 16 £, XAl GE
& BT A4S A A8 1 5 W A7 A (R, 22 % R 5
JEE AR G [ (LIS, it 57 686 RRT 588 A 184K, B 2 i B T
AB T 5T Y R TR 5 R R i R, 4 KR 5
M3 T AT REBUE A= W 45 KOE — )2 A3 K )2, AT
W/ NAB HE T

Jiti KT AS [) S B0 S BRI AN A ) 25 B e T
F2E 5  WAERKRRE R mE A B i &L
HEABPERE (K 4 FES) o AHXTT T, 203, T, A0
T, IIEEBSER B EAE (KB 4), XT T, &
LN, KPP A3 A T HA AR A, H N, 5K
PR RE ABEA N 0. 44 mm/min, 53 Ji]5E Ny (N
N ACERY 1,16 1,22 F11.29 /%, X FEEHT
N, 7K 3 AR o 2 3 A R, 4 8 A JURE 0] 4
= NG INAE . X3 T, A3, N, 1N, 57K 1)
ABHEZE T N F N107J<E|Z( Kl4),H N, Fi N2.57J(
FEFRREEABHZE N 0.38 F10.43 mm/min, 435 2
Ny 1 N /K FHy 1.36 1. 24 f5F11.56 1. 42 £, 1%
FEREMEE LRI 22 A G, B EESS KA T
BEILE BB R AT L B RE G R, W AE
AL No F1 N, s K- B GG B 56 BE YA [F] 72
FEMRT Ny 1Ny 7K P, DTS B B 3 38 A0 X 48
o MKW, T A4S R HIEAB SRR
TFER, 2T, A E AB MR T, B
6.35 %,

0.8

|:| Imm/min
V) 1.5mm/min

2mm/min

N I
IS o

S EANBHER/ (mm/min )
(=}
o

a

0.0

BERE R A R LT 72
Fig.4 Variations of infiltration rate with the process of rainfall at

different treatments and nitrogen levels

2.3 TERRNESESH
HABHERMIFE, #4403 B2BAS BEE
FR DT IR A S T R, EL7ERE 0030 RARA S B0
i 2.2, i B R R D IR A I, RS IR
% (1 6 FIEN 7)o Bl W55 BE 3G R, T, AT,
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Fig.5 Stable infiltration rate of soil under different nitrogen levels
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Fig.6 Cumulative infiltration process for each treatment

under different rainfall intensities

——— Ty —O— Ny =N, s—%—N, —0— N,
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20f =
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0 30 60 90 0 30 60 90 0O 30 60 90
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7 AREEERAKFTELERRNETE
Fig.7 Process of cumulative infiltration at

different nitrogen levels

ﬁ‘fi%*ﬂ/\@ﬁ%1$ij}ﬂ,To AT, AbHE 2 mm/min
IR T AB MR 44.34 F150.72 mm, 43 5] & 1
mm/min, 1.5 mm/min [ 58 f 1.77, 1.47 5 f
1.59.1.20 £, Xf 7 T, kb3, RRA B 7 5 AB#H
R ARF AL BY 1.5 mm/min R8T
THEAB LR RK, N 40.77 mm, 535 /Z 1 mm/min
A2 mm/min F5RE 1. 16 F5F0 1. 19 £, 2t AUK

25 SR, £ AR PSS AT BT ASTR] (& 8) .
HABHEREM,T, 4bFE N, /K FFAB MR K
K, H48.63 mm, 7355k Ny [Ny Fl N, ZKF 1 1. 17
1.28 F11.28 £, R MAAAE n] LAS hn - 8 25
SEMRE N RSB PERE N, /K T AR B iR,
M FHA B S 'R X T T, &3, N, F1 N,
KT AB &N 41,94 Fi1 45,15 mm, 53 5| 2 N;
N KRS 1,30 1. 22 /5401 1.40 1. 32 f%, X3
BT No BN, s KT B2 45 R 5 BE YA [F] 72
FEMRT Ny 1Ny 7K P, DTS B0 B 38 A0 X 45
FLABREER, SRS, B TAYSS fxt 113
ANBIRENMEAEN, BT, LFEAZLZKT,
ALFE > 7.49%
(a)

[ ] 1mm/min
77 1.5mm/min

2mm/min

80

£ 60
g

i
40

20
1

8§ AEIMMEE(a) RIEHAE
(b) FABEE

Fig.8 Amount of infiltration under different rainfall
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2 To Tl T2

intensities (a) and nitrogen levels (b)

2.4 HEFIEHREFAEIT TIENE TR
ANt K1 AT L I8 25 5 Wi A A i U b e
SR, BRI B R, PR, B
FRR HER L [ AR B RS S
45 Bz e RN PR 25 B o5 P 34 AT IR 255 WA W) 4 7 I
6] o B A 7 i N ) il (1 = 50 5 3 R b A= 1
T 2P, HAT 43 33878 AR 55 B A
by b A e R pRRS; ) T 7 I N ] [ 9 45 R 5 BE 1Y
ST S R ST e B B B i N R 1 1
T SR B (P <0.01) (B9 F1k4) . AE
T AR 32 2 5 AR MG BRI B U AH G, PR B
MEEREABHAR ABLEFEREN
DoseResp £k A& (P <0.01) (10 f1Z£ 5) , M43
i ANT 45% i, TR EABHEER AB R
i BE 4 R 5 B i HS hnJC B A A e T 2 e A
BT ER T 45% I, 1 3ERGE A B AR MAL B
W E TR (B e Sh B w5 B — 2P B, R
EABHEBEMAS BRI TR EER. ARG
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Fig.9 Relationship between characteristics of Bothriochloa ischaemum population, biological soil crusts and initial runoff time
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Fig. 10  Relationship between biological crust coverage and stability infiltration rate and total infiltration

W5 AR E AL R B SR A 5 R R
BURFERAR (P <0.01) , BEFH 25 Bz A3 BE s, +
ERE AB AR B BRI

*4 BEEMBEREVERFLESNSR
FEmETE R X R
Tab.4 Initial runoff time as a function of characteristics

of Bothriochloa ischaemum and biological soil crusts

HEVEFRE WIEFA A (IRT)  R? p
R B (BBI)  IRT=14.79BBI*  0.38  <0.01
B SR 2L (CBI) IRT =0.13CBI"* 0.33 <0.01
WAL R E(CA) IRT =175.16CA~*Y  0.47 <0.01
BHEELS R (CM) IRT =75.46CM*'®  0.48 <0.01
BBELE iy = (HM) IRT =57.60HM®*  0.54 <0.01

3 e

PR i ] A R R S A N ] D
FRR BIRE A0 P BEAS K AT R, DT 52 MR35 1T A2
WA AHYAR R A R AN A 3 5 IR A
AETT o ABTEH, T F AR R AR A7 78, How) da
TR LA RS B SRR B 2 1
BEAR, SN AT A A 5 E R AR Y g
P, it 07K 1 22 S i) 25 B2 R S R R Ry
AES B e A RN, 1 S SRR 5 A 4
AR RN, S B AG  TERER, AR
JIAL IR 18] -5 A ARy i 2 (R B R RO AR
(P <0.01), BIfa =i a]45 B AR R H
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Tab.5 Stability infiltration rate and total infiltration as a function of biological soil crusts characteristics

TaRE B A (SIA)

AL B (TT)

SIA=0.42 -2.83E -28CTB">*

(HE(CTB) )
R =0.364,P<0.01

EX7 Y958

SIA=0.28 +0.12/(1 +10 761+ (4493 -C1)y

HORRRIE (D R*=0.360,P <0.01
=0. ,P<0.

TI=7702.41CTB " '®
R?=0.270,P <0.01

TI=32.17 +11.11/(1 +10 " 13 (44.89-Cl
R?=0.500,P <0.01

TR FERAR, X MAE— T R bRk
MRS R BN R, REABER ABZ LR
A EFREARE S bAoA YR R E O
FRRHREABER ABBRIE N, i ZKF
N ROR AR 0 K T, A AR A L i
Ko ZEWHB S DS 45 RAWER W, N, S i EUKF T
A MR 2 R A K B i 2R A o, A AR 3R
(7 W RE T 328 T R AR 2R R /NI I
TR, AT AT A2 B AR R, IR AR A e AR
ANBRETTIN

AW AE B — PR ECE 1 AR R, B KR fiE
BETE IR I — 2 K PRI, S 70 1 S LR 254, BHL
W HHOKIF B 2 BRI 2 5, O 48
FERAMAB LR A AR & ERAS R R b
JERER, 25 FE G I 18], Bl o5 B4 B i A g
JEE FRIRETIN , A0 7 TR A ) S 2 Ko T e 2 B 3R i
Hit AR, mI At 2 7 3 ok A i 9 4 B i R )
T, R A TR) A 2 BN o AR A B R v R — ol
P MG 55 FHURE O A S R G440, AL SRR AE
X RTCREAT 36 R R0 B 26 G 20 1 96 o, 94
45 R S AR R 0 R AT B R A R R )
TR L), S ECW) U 7™ Uit o 18] BE I 287K - 38 o 2
AR BEAh, MU TR — P R R, A 2 R
HAEFILRE AN LR E AR R NMAL AR
JIT AR , ZR I LR W B A e T i 3B i
Un_E P BN BE 1A 5 BEAG e m] A K M |
ER R, (H TG [ 9 45 B 14 HA a8 7K 2 ik 1
P ST AT KZ , T AR, ik
BUOA B AR V235 B e 3t JEE PRI, AR UE A B R
ARG B & 08/ (& 10) o 45 B o B Xt £ 48
T AL AR RS S B AR A (45% ),
T B4 B o B2 A 5 IR E AR R R AB
BRIEERR, X W —E R 3R Y4 Bxt
FIEAB RPN KR LS b R BE45 B i

EMART S AR R BN IR AGS , A
PIAE B A o ABFTE A SRR AL BEA S

SRS 3R I 25. 56% |, T 1 2 BRI M 45 iz A
[FI A P AR B A S W B — SR R AL 3
WD T.49% . it R TR 5 BN, A= 04 R B
TR (B 3) . 7EREMSRE N 1 AT LS mm/
min [, [ 25 B0 RP R R A 49 45 Bz 0 3 ) 4 Ak 2R
HIFRE A RIS T 2 SR E SR b 2 T
FEREMN SR R 2 mm/min B, UAKF 32.65% o Jifi &
SRR AR T AR Y25 B i 35 B AN ALK, i2F i
SEMRETNAB B AR K (N FTN, 5 ) B
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Effects of Bothriochloa ischaemum Community and
Near Soil Surface Biological Crust on the Soil Infiltration
Capacity Based on Nitrogen Addition

LI Zhaosong' , WANG Bing'** | LI Panpan', WANG Zhongyu', WANG Jianfang'

(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw, Institute of Soil and Water Conservation ,
Northwest A & F University, Yangling, Shanxi, 712100, China ;2. Institute of Soil and Water Conservation ,
Chinese Academy of Sciences, Yangling, Shanxi, 712100, China)

Abstract: This study was performed to discuss the effects of Bothriochloa ischcemum ( Linn. ) Keng. population
and its near surface characteristics on the process of slope infiltration under nitrogen deposition based on the
simulated rainfall experiment in the hilly region of Loess Plateau. Four nitrogen addition treatments, representative
of 0,2.5,5,10 g/(m’ -a), were designed to simulate the effects of different nitrogen deposition levels on the
growth of Bothriochloa ischcemum ( Linn. ) Keng. community. The results showed that: (1) Runoff delayed
significantly under the coverage of Bothriochloa ischcemum ( Linn. ) Keng. This delay effects were enhanced due to
the co-participation of biological soil crusts (T,) and the mean initial runoff time was 1. 64 and 4. 87 times great
than that of single Bothriochloa ischaemum population (T, ) and bare control (T,). (2) The stability infiltration
rate and infiltration amount were generally higher at the low nitrogen level (N, and N, 5). Bothriochloa ischcemum
(Linn. ) Keng. population would promote the process of infiltration while the biological soil crusts inhibited the
infiltration process, which the stability of infiltration rate and infiltration amount of T, were decreased by 6.35%
and 7.49% compared to the T, treatment. (3) The initial runoff time increased as power functions (P <0. 01 ) with
the increase of Bothriochloa ischcemum ( Linn. ) Keng coverage, Bothriochloa ischcemum ( Linn. ) Keng
aboveground biomass, moss coverage and moss height, while decreased as a power function (P <0.01) with the
increase of the algal crust coverage. The stability of infiltration and amount of infiltration were decreased as a power
function with the increase of total biological soil crusts coverage, and there was a significant DoseResp curve
relationship between stability of infiltration rate, infiltration amount and algal crust coverage. This study provided
the basic data and theoretical foundation for the grassland eco-hydrological processes and vegetation construction in

the Loess Plateau.

Key words: Loess Plateau; Bothriochloa ischaemum( Linn. ) Keng. population; nitrogen deposition; biological soil

crust; rainfall infiltration



