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Effect of Surface Cover on Evaporation Process of
Carbonate Laterite in Karst Forest
CHE Lulu', LIU Dongdong''*, YANG Ya', CHEN Xue'

(1.College of Resource and Environment Engineering » Guizhou University » Guiyang 550025

2.Key Laboratory of Karst Geological Resources and Environment , Ministry of Education s Guiyang 550025)
Abstract: Evaporation is one of the most important ways for soil water loss of shallow layer from karst areas
in Southwest China. The storage of soil water in shallow layer is very important for agricultural production
and ecological restoration in these regions. Based on a series of indoor evaporation experiments, four moss
crust biomass levels (0, 0.32, 0.64 and 0.95 kg/m?) and three pine needle biomass levels (0, 0.32 and 0.64
kg/m?*) were used to estimate the influences of moss crusts and pine needles on the evaporation losses and
the temporal and spatial distribution of soil surface temperature. The performances of three different evapo-
ration models (Black, Rose and Bulk) to simulate the evaporation process of carbonate laterite in karst forest
were compared. The results showed that the cumulative evaporation and evaporation rate of moss and pine
needle coverage were significantly reduced (P <C 0.05), and the cumulative evaporation of soil treated with
moss inoculation (0.95 kg/m?) and pine needle coverage (0.64 kg/m?®) was reduced by 36.9% compared with
that of bare soil. Soil water content was significantly increased by moss crusts and pine needles (P < 0.05).
Moss crusts and pine needles increased the average temperature of the topsoil, and the effect of pine needles
on soil temperature was stronger than that of moss crusts. Black, Rose, and Bulk models could well simulate
the evaporation process of carbonate derived laterite, but Black model had better performance than Rose and
Bulk models. Our results can provide theoretical support for the analysis of water balance and strengthen the
understanding of surface hydrologic process in karst forests.

Keywords: kast forest moss; pine needle cover; carbonate laterite; evaporation process; evaporation model

s B #5 :2020-02-02

FHHA :EEHRBFE RS T H (41807016) ; B RH-A ZE MW H ([201911081) 5 5 1 45 K FI B 5 0 (KT201803) 5 5% M 45 A A 5L # 15i [
(RCJD2018—21)

FE—EH R (1998—) , B WL W5 A, E BN FUE R K AERUKCHFSE . E-mail :1780195024@ qq.com

BAEESE WAL 1989 ), B 4 Fr i sz, W42 5 0, 32 8 DA 5 Ml R oG Sy /K 4= ol 72 R AR S IR BN W 5E . E-mail: liudongdongen@

foxmail.com



154 KL FRF R

5 34 4

VY P T R, DX AE SZ 0 oV HDIE T DX 1 T
A g 30 AR b IXC 19 T K S BT A5 ) L 1 X R R
B, RIEEW ., I YCR A H B R, SN
AT 7Y R W 07 4 DX bt A2 B R XU 1 5
M) 3 I 70917 28 AR S 2 s i IX st 3 7K St A
R Mo FH T REUK, eI RS RG, &
R AR 7K = 7 2 45 A 2 ) 8 7Y o 2 R B L 7 ity 7K
PEFR R LI 5 VE T . AR MR I b 3R 2 4 o 7
PEF TR E RS e SRR D R R R T
T A B R S, P R 8 30 e AR T b 3R 2 8
Xof M 2 R R ) 52 W) T I T A L IXOK 3R B A
FAEBBE P A RTEE L,

75 R SR g B A b XK SCAIR B b El S AR L
M) 380 7K Y 0 o O A R 2R R A B PR o) s
PRSI Ak AR A, 51 48 5 K & 9 gl
XAl AR 7 AR ) A K i B R e, H X
e by X A 38K 3 75 0 F 9T T2 A b T R RO
FIHE 36 M BT 78 ok B ) = LR |, Swaffer 251
PRI T W ke AR obk v B 2 F A2 BR85S R A0 X 4 3 2%
RWFEI , Zhang 5557 AL T W TR MR AR S R gt
B R BT o O 7T HE R S AAE W) X 3 28 T 3
OS2I . )P A S bR s b R T R ()
IKVR S A RGR AR, 5 PR R 10 SR L, 3 n 22 #F

S L HEZE R A B AR T Zribi A
WS T AN TR B T A R CHURE R B8 B2 |k &) X 1= 3 7%
KNS, B FIR B BT 5 AR S T R AR AR LAY Y
AT Ml F R X T AE R IR S R GRS E HA B AR
. AR O T 5 BN 1 18 25 ik R 19 52 o BF 5% 52
FIWFFEE W) Z K. A EEREAT AR 3K o) 2%
K BETT AH A HEIK A3 3 A IR 2 AT HAE K 7Kk o)
B 23 43 A 22 S o Jo) N O A BE T R WL EE X LR
S VIAMRIAE ] R 3 B BE G & A% B A 39 hm e 40 1
AR B AR 2 K . A AN W Ry AR AR T
)7 6 b R L Ak B Y S e AT 5 08 A AR BOROR
&, BEIREN X Black,Rose Fll%s R 8 Jy S AL YE £ 5
ZRR BT I © 2 T RO B TR
FFRRART M 3R 28 o % 1R T axX S AR 1 3 Y
3/l Z IR T 28 R AL I B 2 L 8 17 R AR MG Hh
RIZHE B RN T L8 R AR I A7 T B A v A
JH A 558 45 [

B IR £ A 21 32 43 A T Y R e 0 A X, 2 Bt
AR B SRS Y -3, BN A B N D R R B R AR
ALY 13X10" km? (5 245 B A 18.54 00, 7E Bk
MR b 5 Y i X A A R AR L kb . B
X2l DR R #h 2 1 = o A1 e 4 398 i) A T ok
TT7 — @B R A LR R B2

TE 600 VL b BB 1 kR S 40 - Y R AR &k &=
— B 21 % ~60% , R TTIK 90 %0 . Bk R £h 4 21 1 7%
ik roR 0 R, AL S MR AR 4. ST H
HIXT ik BR #h v 21+ 28 & o B 0y = AL A A W
W1, PRt A BiF 53 3k B ST R 2% AR R 4 3 109 Tk
FRER 741+ L 38 1 AL A 28 & 56 40 BT W Hr ke AR AR
TR ZE ST R A E R AR, A
W58 B ITE T« (1D WA AR RT3 o (3 B RN A B
B NI L2 R i R 22 55 (2O XF AN [R) Ak 3 ] 4
HRZRE LHESKREMEEEREEES, B
I T R PR OIT b 3R R T 5 x4 2% R A E F LA
()X W78 R B RVRI A A 73l MR 30 . DR oR 45
ST Sy e i R R AR 2 K S R B A R IX K P
A AR L AR
1 BRHSJ5%
1.1 WHREHRL

F 5T DX AT B B T A6 1 X ] 4 9% 55 g 0 5 20
Bi 55 b ot K B i6 E R SE I E ARG 30 AE A B R AR AR
(26°25'39.62"N,106°40'5.81"E) , £ 1& X J& W #aF
B AE YK B 1 178.3 mm, AE 98 K &
738 mm,AEV-HR 14.9 °C L 4EH H BB E] 1 686.8
h, TEHEH 246 R FEm R EETHEE R, Hh 68 1
R B 5 SRR 700 LA . ARAR LA R
Wby B R R ER A 21 £, IERVRL Ry R A RD kL
B9 25.74%,71.18%,1.08 % ; +IEH LI & &
51.88 g/kg, ML 5K 75.3 uS/cm,pH K 6.2, FRMAL
B A UR VR TE MR T A BH I 38 2 L I R AR KR
TR B S, 1 B /N REE AE YRR /N B 5 2R
[ , 32 BH O BB S B, 220 b Rk i R b A
FRE S R AN PR R AN BT 5 A BT R 0 A D R A
FRPRT M 2 LR YRR AT
1.2 ik

ST 2019 4% 4—6 J 78 [ £ 5% I 5 0% B 45 240
52 55 #b 50 0 F By i B A S 0 2 0 R KOUL I S 58 3 gk
A7l R A A 28 R a0 o8 B, I B b S
MW, DR IE I ERWE R 0.15~0.25 mm, K
R 11~18 e, HEEEWE N 3~5cm, T4 Y
M 0~0.65 kg/m’ s HHEEJEE 3~6 cm, AE Y =
0~0.95 kg/m*, [N L % & 0,0.32,0.64,0.95 kg/m®
4K B REREM R R 0,0.32,0.64 kg/m® 3 NS
PAEPE f i (R Do T3 F0 5 A 5 8 10 45 1 T &k
HREEZRRKR, HEET Y Xiao FM A LIM AT
HEEHN TR NSRS EETREER. &
BELE A SRS E T 35 B I AT 0 S N TG M 2R
S5 o RLHCAE A YR 5T rb R BT A0 SR B 1Y) 35 2 2K 1 e
WNTE &G R & s LRI AT €50



%5 M

B i A S5 < 6 S0 AR ARV b 3R )2 1 X R R A £ b AR R R A 155

PN SRR v SR SR A R S Y B, SRR A
UKL 5 A YR R ML A 2 5 T 25, B ER TR 1
RF 30 em JiKH H HEK I 7 8 h b T8 L 5 L
DR E R AE 1K HERUR TR Oy A, RIS B
LEEWTE TR N 0.5 e A EAN 1.3 g/em’ . I
Jrb B R E B TR T R R R 20~30 C LB
B 7 AT HE R 1 28 5 R or T T R A AR B 0.5
em W2 B HELR A TR B 58,

R N D BRIk R Eh 5 41+, 5 & #R
A L v PR B WS UEAT B ORE . 7E A AR
Jei 37 BIVIE B T SR B bR 2 R A AR I R TS A 5 2
45 O E AR 200 mm 5 30 em B PVC 4T AL 16
em, F2 ) PVC 85 3025 548 I8 T B b - Ui %0 s
TR AY TEE 4 om TR # R RS BT L A%
36 MR £ AE . 5 SRR 4 s R 22 L 7 ) —
AU AT PVC A IORE , 200 138 55 K 358 0.30 g/g.
JECAR R 5 S R S RIS A SE I = v, AT IR 56 A
H,OREHFHEBNEES 0.5 cm H)2E H IR,
01 56 o5 JHL R AR AR R, ) 2 Pk RS AR R L B D o R
HTE - B A0 B 1 2K O N R AR ) 26 IR it
IR HE i 5 B 2 IR ER 5 RIS U
PR &5 B T . 5 IR BAN B 00 7 25 RRAE L AN BT L A
I R AN AR R A I BE ALY 5 S - R

RIGTF ARG AR 1~5 KRR 900 WL + 5658 %
AR IR R A, KARIBEF A testo 174

90 1 110

=y
....... —“ﬁ
80 . 4 100
— BE 90
70 %0
o 60 70 &
~ S~
= 50 4 60
40 4 50 =
30 Jé.‘-u-*]"""d ot il oM -vr:‘*-.u-““"'w‘; gg
N ST 420
10 1 1 1 1 1 1 10

0 10 20 30 40 50 60 70
B 18] /d

HC TR B T R R T H Bhid SRR FE S 5 min,
FI FR 7T 7% e AR A [T RRAS (1) PVC A8 2 2 1R 7K
i, THEEREAFIIREE N 0.1 g A RS, +
FE T AR A R i i Be i) 7K oy 2 i 2k . R ZE K i
Ry A B B 5 28 e R AR LUAE, 28 A R R
PR R G578 R DI LA . 1 SR TR BE R testo
865 FRBLAE I et I 48 3 T R R B A AR I B 4
BHE R E ATEE DR AE RSG5 LI - T ) I B
0.2 m R CEAETE 5 min 58 AL, K55 10 [H)
IRJE 15.6~31.8 “C, 12 JF 41.3% ~88.9%, A /K 1
Rz kR A g a8 D,
F1 OKBALEEE

2N BEEEY R/  HEHEEE/  PRHTEYRE/
b # (kg e+ m™?) (m?* + m™?) (kg *m™ %)
BOPO 0 0 0
BOP1 0 0 0.33
BOP2 0 0 0.64
BIPO 0.32 10.97 0
BIP1 0.32 14.56 0.32
BIP2 0.32 15.26 0.64
B2PO 0.64 33.08 0
B2PI 0.64 39.98 0.32
B2P2 0.64 39.38 0.64
B3P0 0.95 31.09 0
B3P1 0.95 39.84 0.32
B3P2 0.95 45.97 0.64
s [ K ERBERE 133
45 o RRZE 2.5 %
a0 [ o KEARRE o ] a0 @
LN /a/"/O/O {15 &
30 [ gmp B0 /ngﬁ\ {10 I
%25 EFFEL:%DD B0 q 0.5 ¥
Koo L 286" . it
w20 o 0 ®
MIS L 4 -0.5 i,
= e
< 10 1 -1.0 =
~ s E 1-15 %
0 1 1 1 1 1 1 1 1 1 1 1 1 1 _2'0

0 5 10 15 2025 30 35 40 4550 55 60 65 70
B fB)/d

B1 ZENEEETUREHAKEELLRE

1.3 #HAEE

Black fRUE A 8, |73z N F 2R L T il %
ARG RS 2 i 4 18 AR ZE Kk o Bl IS 1) A AR Ak 1
B B EDOREY T Black B S LA B2 5 FF
ARG O T By 5h ol - 28 & o #2452 R W, Black
IR f % 0 T M A R R ZE SRR B A R B Y R
it BRELEE, AKX K.

E.=F+B:* (D

L E, W BEBEE R (mm); F NEEZB BB
NZER SR KRNG LK TR K0 HZER DI
BF (R,

Rose #EALE H Rose 5485 Ko 38K 4378 A AR 1
RIS ST 2B A, PRI 118 SRR & 8 Bl e
[EHER MR, EEB I T Rose MR
JEEBR BN DA - RN AD 4 25 R R Y 3 M S5 SRR
Rose B2 5% [ 520 38/, 338 G AR BE Ak B 19 +
WEREEREMITE., AXh.

E.=Ct+Dtr (2)
Krf:C AREEKRSED KDY BRI I7E
RPTEFCR)

25 KB ) A A SR — B B VR A R SR A S Y

PRy 2 A HEZE R BT, Xin Z50P R 23 R B Jy ok



156 KL FRF R

5 34 4

R /INGE — PR RGP 0 Lz Rt e L f s 7%
KGR R E e b Eh o> RARBLEE R M T A%
B s . A

CominC1 1.8¢ S, 0.622 P, )
P, {min 990 S_m +O.3 Pu —0.376 qa
E, = 94.909(J _ 09036 3
P,=0.6108¢ " 57 (4)

XP:E, R EZEEHR (mm/d); o, B EE
(kg/m*) U, RE (m/s)5q, NIRE (g/kg); P, H
TN R A (kN/m® ) 5 P, oAy 1 3 B 3 19 KR 5
(KN/m*) s T, 3 KA M E CC)H L S,y 4 i
(g/2) 0 NEEILBE (cm®/em?®) , HFARRMR
1E% N HEAT G U 1 5200 AT DL 20 AN it
1.4 HiELE

SO R B 3 U EE A 1 (R SR ] TR Soft
PE o B AR 1 e ST 5 )2 IR BE O3 A O B
L FE IR E , testo Comfort Software Basic 5.0 %%
0 B KA 2246 5 R ] Excel 2010 #E47 £
A PR LR T E HEAT J7 22 00 A MBS S HU G L A HTL
i) V- 2% GMER (#7711 22 RMSE K e R H R”

30
g & E P B0 kg/m®
825 -
~
i 20 -
5
W15
&
% 10 [
B —o— B0 —o— Bl
q5r —— B2 —o— B3
0 L L L L L L J
0 10 20 30 40 50 60 70
B fE)/d
30
Y 2
gzs | FA4T £ 80.32kg/m
~.
i 20 |
=Y
W15 -
159
8% 10
3 —0— B0 —0— B1
H 5F A B2 —o0— B3

0 1 1 1 1 1 1 J
0 10 200 30 40 50 60 70
i/ d
30
g5 - ¥ 4+ 4 ) 80.64 kg/m’
g
~.
20
£
w15 -
1S
B 10 [
® | —o— B0  —o— BI
H 5 —— B2 —o— B3

0 10 20 30 40 50 60 70
1R/ d

[=4

PR R A
2 &R
21 EMREBESHUNHRBESITRZLZTIREDN
A
H P 2 TR 0 M R R A S B AR ey L R

Z ka2 MR R AR AR o B RTTIR 7 KA. A
[Fi) &b B 2 1] SR A% S i O O BRI 22 5 5 26 ROT IR
13 KJ5 . & &E AU B 8T 55 % + 3 R BZR & &5 1Y 52 T
T JRE MR M . O T HRBR R AR K AR Ak - M 2
KW R e RABUE Kt S A KR 28 A R
WWAE (E./E. ) #E— 283 #7, E./E. fe i 5600 9 & B
HIEI S 13 R A RALE./Eo /MR R BT
T (B 2) . —J7 i, AEAR R A RN B 2 25 A T AR EE T
B1.B2.B3 4b#, B0 AL B E. /E. f K 55— J5 1, %t Ee
ANTRIR B A= 0 T B A W Kb B AR X 2 e R
(E./EDRZAL AERREF A )i 0,0.32 kg/m® i,
A B 78 ok A W A AR (B 2) 5 AR AR
P ik 3 0.64 kg/m® B, A B X 3 28 % i 10 4l ik
ESEM ARG EYEN E/E., 2T 2%
S 1 BEXT LA R B AR HIF AR BT

0.9

& E W B0 kg/m®

e
%

i
9

E/E,/(mm * mm™)
=)
=N

0.5
0.4 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70
B A1/ d
0.6 -
A& A 80.32 kg/m’
N
‘g 0.5
8
g "
50.4
Lz]%
§0.3
0‘2 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70
Bt/ d
0.6
Fa &F £ ) B0.64 kg/m®
N
‘g 0.5
g
g
50'4
Lu%
w03
0.2 1 1 1 1 1 1 ]

0 10 20 30 40 50 60 70
i E/d

2 BHESRECHRESHIENGRBRESI T RRELERANERLEZNH



55 1

B i A S5 < 6 S0 AR ARV b 3R )2 1 X R R A £ b AR R R A 157

2P LG AT 45 RAAESE T B 4 b 4
W« Bl - R E AN BT B 5 2R A B, R X R PR AR
2L 2R e R I AR O s (B 3) . X T
P1 4b B, BO A PR (FF&E 0) (1) + 3 RFLZE AL w1 B3 &b
PR(E#E 0.95 kg/m’) K 9.7% (F=27.69, P =0.034<
0.05) ;X7 F P1 fil P2 Ab#E, ey 5 RRZE ki
TR EXR, MRS N, & &
R R B 2= SOk A . T
T R R AT & A Y AN R
T 1 RPZE w4 835 (P =0.01) ; BO~
B3 AR, 5 R K Rl A RS B A 0 3 N 4 )
WA T 37.2%,45.1%,37.4%,36.9% , Bk,
B 7 35 6 Bk R A 4 1 2% & ok AR Y B AR B
T AR .
22 AEEBEEHETIERLFRSLIESKEN
EEETIAN T 55 W R T T R IERK AR ). X
LU A R 2 55 4 AIF T 4 38 A K R 0 AR b il 26, AS [A] Ab
P ) A 8 K 3 2 S Bl A A R FURS B A W R Y 1
T g /N . B3P0 AbBEAY 4385 KK L BOPO . B1PO .,
0.9 r
~038
'E 0.7
.E 0.6
§0.5
W 0.4
EQO.3 -
0.2

EBHEMEOkg/m®

0.18 |
0.20 |
0.22 |
0.24 |
0.26 |
0.28

22
24

J
I
<«
=

0.12
0.14
0.16 |
0.18
0.20
0.26
0.28 |
0.30

. POP1.P2 /3 B E M T A= 0,0.32,0.64 kg/m?,

B2PO 4b B 14.1%,15.49%.1.9% ; B2P1 Ab# Y +
B8 K Z 1 BOP1,B1P1,B3P1 &b ¥ 10.8%,3.0% »
3.15%0; B2P2 Kb 385 K R Lk BOP2, B1P2, B3P2 4b 3
B 7.0%.1%,2.3%, WK 4 AL EE B EE A EE Y
SEAHEIN, K EXT I ZE L e T1 (E, /E o) BY5 M 32
/N H IR B b K AN AR S 0 B Bl A RE AR
YR B AN (0~0.95 kg/m*) 7 7K R 4 3825 K I F2 1R
YEF B W55 . SEM & EE AL BRAR L, P B 3S m T
TR TR h 25 41 4 78 3k B B Wy Be X I 1 5 7K 26, HL Bl
EWE YR 0~0.64 kg/m?) , A &I+

HEREKRE 1 DN R HEK AR (R 2),
32
g 30 | y=-3.04x+27.25 R’=0.90
28 o PO ¢ P1 A P2
~ L
1 26 ¥
24 |
%% [ y=-2.42x+18.79 R*=0.99
B% 13 \e\e\e
16 4= A A
Hia [ 2 $=0.05x-15.38 R*=0.001
]2 1 1 J
0 0.32 0.64 0.96
EEBEWE/ (kg m?)
B3 I1HERRVELX=E5EHEYENEXR
0.9 r
0.8 BEAEYE32kg/m’
’E“ ’ 000 [o)
g7 r M
.E 0.6 o o®
g
10.5 - o PO
W04 A Pl
E" o P2
0.3
0.2 1 1 1 1 1 1 1 1 1 J
N < o <« (= o < O o < o~
— — — — N N ™~ (o] ™ on en
= — S O - T T — T — S — S — S —
THRE KR/ %
09 r
08 | &Y E0.95 kg/m’
'H L
g 0.7 o
.806 - nr\_c\_(nﬁmeo%—
[0}
Eosp ©°F %
Soa b OB et
S a Pl LSRS0S <ohes
n 03 F ¢ P2
0.2 1 1 1 1 1 1 1 1 1 ]
o~ < O 0 (=2 (o] < = o] (= o~
— — — — ™~ N ™~ (o] o~ on en
S S 8 & & & & o o oS S
LRI KR/ %

B4 ARBZEFETLESRENENERLEZNXER
K2 TRABEEHETIEAKRESEMNZLEXRNBARE

BE YR/ WE A 0 kg/m? WAET A9 H 0.32 kg/m?® WA B 0.64 kg/m?
(kg * m ?) [B] 5 77 & R* [\l 5 75 2 R? [l 15 J5 72 R?
0 v=0.47+1.03x 0.85 y=0.39+0.22x 0.11 y=0.3340.25x 0.16
0.32 y=0.55+0.64x 0.52 y=0.46—0.18x 0.05 y=0.41—0.262 0.07
0.64 y=0.56+0.23x 0.09 y=0.34+0.21x 0.15 y=0.23+0.51x 0.59
0.95 v=0.54+0.20x 0.09 y=0.31+0.29x 0.37 y=0.26+0.37x 0.57

Hea NRBEEKE (/0 5y AR KRG A BUKEZ K EE(mm/mm),



158 KL FRF R

5 34 4

23 REREFHZSHABLERESELERZNXR

MRS I B R R T 5 AR R I B 2
RS, TR T REAE T, 5 EE RN BB T 0T O B e S
S WSO 4 R R AR AT S R, B EERIAL B RE A AE
FHERZ I M — 2 A B e (1 BELAS 22, 7 LR K PR 4 S
(14 [r) st SCRE UK /0 - B R A B L ) 92 R ) 4 KR
] PR A . FEAR R A i A T AN 3 X
AR Ak N 5 T B (B 5) . P2GRAEFAE W 0.64
kg/m* ) ALFRR + F TR E 5 #4258 5RO R 2.7 °C

SR I 7 T T

b

B0 kg/m’

BEEY

—

ik e I"‘y; T—— =
FA4F A4 4 B0.32 kg/m’

YEO kg/m’

i

FAEHAE

R3 BERHE 20 REH/MRHRERE (Tow s Ton) 5
BRERBEE (T | ESR

BEE/ T haresoit/ T moss = T haresoit/ C T ine = T haresoit/ C
d C Bl B2 B3 P1 P2
2 18.6 1.0 1.7 1.6 0.8 2.7
4 20.4 —0.3 —0.3 0.2 0.6 0.9
6 23.2 0.5 0.1 0.2 0.5 0.5
8 22.0 0.6 0.4 0.5 0.9 1.2
10 23.1 0 0.6 0.5 0.5 0.8
12 18.8 0.1 0.4 0.8 1.3 1.8
14 18.5 0 0.2 0.1 0.7 1.0
16 17.7 —0.2 0.3 0.5 0.5 0.8
18 16.8 0.2 0.7 0.5 0.7 1.0
20 14.1 0.1 0.3 0.1 0.4 1.1
TE 2 T haresoit AR ERIZIIE s T moss — T aresoit N R JZ # GFEAL 15 R

B HIIRZE 5 T pine — T varesoin WARET AR LS BRI 22
TR R 5 A A R T AT R
F (A 6) R W] LSRRI AR B A e
FRRWN T BN R R RS S R R R
Z I SR AR 7 B R UFR SR N e M e i R Y R
TR T ERRE L SRR 2, iz S+

IR 6.33%0 5Bl AR (HEEA P& 0.32 kg/m*) 5
AR 22 SN P 3 IE 101205 B2, B3, P3
AEFE TR (B #EEY R 0.32,0.64 kg/m” FIMS & AF W &
0.64 kg/m®*) + 3R B 58 A0 LA B2 T,
HWR AT R 2.37 % ,2.62 %6 F1 3.62% . it — T 2241
BrEs AR S T IR WL A« 5 8 X+ 3R IR BE (9 52 R
B3, TR BT IR B B 52 R 13 (P =0.058) (&
3). I, X b R IR Y R A
) B 2R B AR MR B 25 A

&% A Y 0,95 kg/m’
EE/T
26.0

25.0

24.0

21.0

&£ W B0.64 kg/m®
B5 MEMEHBEENRELBEETESHIFENIIT

R EHRP LA KR, E,>0.5 mm/d i, 28 & &
2 bifi Yk 22 B G A B Sy - (B 6) 5 E,<C0.5
mm/d B, 75 & 15 B R 22 00 38 I A W AR Ak
P, JRHEATREAE T, HIERZ RN AR TIE LS
R T I B0 B 1 2 5, L4 R ) - S R LA I A S
FESHR RN ARG K+ 18 4048 1 28 Rl il
PG 3 3 A HE K PR A 26 0 R A7 B [R) AR B el e,
X nee £y T W N i
24 BEHHAMECHREBETTERLEINSN
X T Black #5171, [ &5 & FAAET AR 4 5 i3, 2%
REHF B K, 8K SH B B/, BRI J7
HR iR 25 FR 22 PRI E R R™ ¥4 Bifi 7 5 & 385 Kol /)N
FWIREE & #EFIPA B 5 5 3G 0 Black AR Y #LG
K SRR 4) . 7 Rose 28 K BRI H, H RMSE
1 GMER [ifi & # & F b 51 28 55 5 00 35 0010 980 /)N, 31X
5 Black 2 A BRI Gt B4 R LI — B X T
Roes 78 KBS, [ % & 68 A Wy i 13 0 FR 2 2R K S8
AN 5, K A4 B S 508 W s, B A S BT AR
N R E 28 R S HCE N, K Y S8 D



%5 M

B i A S5 < 6 S0 AR ARV b 3R )2 1 X R R A £ b AR R R A 159

5B /N S TR 2 L Rose 28 & A5 ) e 5E R 5K
RYBfi#5 76 25 18 09 39 000 3 K, Rose 28 & #5551 1)
RMSE #1 GMER % {& Kk T Black Z& K R, P € &

175
150 | Soo
g 1.25 + %
< $=0.58-0.003x R’=0.002 ®
< 1.00 F &
o ES
ﬁons - o 02
[+
w 0.50 - S 0 e B ey me e 00l
® "B R osw Pge
0.25 ° QDOOQD
-‘-] 0 1 1 1 1 J
12.5 15.0 17.5 20.0 22.5 25.0
TEERERE/C

B FEARKF Black £, ot nl i, Black 2% & 45
RUXTE T 0 BT RR AR 35 A7 2 A5 1 T R 38 5 41 + 7%
KRR RIS FPEZEAR T Rose Z8 R AREAY,

L1
%150 | ° o
51.25 -
5 100 F
o075 |
ﬁo.so -

B 025 [0 o 50D
+ 0 . 0% ®® £,<0.5 y=0.30-0.0002x R*=0.02

5 6

1 2 3 4
ERMEEEE—SE/C

Eo TEREXNITEZLERRNZI

AW FEAAG I T 8 B A% 1 25 B 2 78 R
T SRR P BRI R SR T 2 S W T Y 4 R AR
SR IEATBATT Y . R SN A ML IR L B E T
PR A S JE 45 2R R W) B UL 50 I 2R 22 1
R(R*=0.003) , 7 B 1 A5 50 AN BB A ) 1) 40 1% 387
ARMRBRIR #h 40 R 28 Rt e . 3 7 B
5 9E A IE R A K CILIE /LD L 2 T2 IE
AHRCK X PEAT T Rt B RS A B Ty

RE R MR T W F8RT. ME SN H =
TN AR E) RMSE fl GMER # K R* /)N, 01
EMEF M B E S R RS R ERZE, N
RMSE |3k & # & T Black il Rose 7 & 4, H
R GMER 1 R®#)2% F Black 1 Rose 28 K& 15 %l
(£ D, HULAT UL, 2833 ) 2% 28 KB XS T W 0
PR AR PR RER 4L+ 28 ki B s A
PEE 22 F Black Hl Rose 28 K F I,

R4 TREBZFHTERRBEUSHRSN

R Black 7 & & 1 Rose 7 K 58 BB A SR

b B F B RMSE GMER R* C D RMSE  GMER R? RMSE GMER R*

BOPO —6.21 4.03 0.88 1.034 0.987 0.27 1.27 1.32 1.174 0.970 0.068 2.01 0.972
B1PO —6.38 4.10 0.90 1.040 0.987 0.27 1.29 1.40 1.190 0.970 0.067 2.02 0.972
B2P0 —6.19 3.81 0.86 1.035 0.986 0.27 1.04 1.28 1.203 0.971 0.107 2.28 0.969
B3P0 —6.09 3.68 0.84 1.024 0.986 0.27 0.93 1.20 1.194 0.973 0.112 2.38 0.964
BOP1 —4.53 2.74 0.62 1.019 0.986 0.20 0.68 0.83 1.176 0.975 0.115 3.18 0.979
B1P1 —4.68 2.71 0.64 0.951 0.984 0.21 0.56 0.81 1.184 0.977 0.119 3.38 0.985
B2P1 —4.32 2.53 0.60 0.988 0.984 0.20 0.52 0.52 1.201 0.979 0.165 3.53 0.959
B3P1 —4.07 2.40 0.57 0.994 0.984 0.19 0.50 0.63 1.158 0.981 0.154 3.68 0.963
BopP2 —4.19 2.50 0.56 1.010 0.986 0.19 0.57 0.71 1.174 0.978 0.132 3.53 0.977
B1P2 —3.87 2.23 0.55 1.068 0.983 0.18 0.45 0.67 1.212 0.977 0.140 4.14 0.987
B2p2 —3.75 2.24 0.52 0.998 0.985 0.17 0.51 0.60 1.150 0.981 0.144 3.86 0.969
B3P2 —3.77 2.22 0.53 0.985 0.984 0.18 0.46 0.57 1.166 0.983 0.163 3.95 0.961

E:F.B.C.D K7 KSH;RMSE ¥ J7 % s GMER iR 2 i U] 80 R e R EL

3 W

MR I U B DX B8 K - 9 - A Al
I 0 K AR AR T AR v
ST AR B M A S B T T K 432 B i AR AT i
AT W MR AR M M K SO IR R, ARG
g 57 R A R T 0 50 T 36 5 G X % i
UL+ (3 R R 4R R 3 R A8 B
S S LR L AR B X 9 K - 9 B3
WA T,

ST M 7 1 K00 3 R 9 01 R T
S R b Y BT 36 AT, A% B9 A R A 2

BEFIAN BT R BRI #h 5 21 28 R B B 52 . AH S AT
FEOI W] BB R R T T LR E KRR ) 1
5 RPN X — S5 S AR ST e B
] S R RS RAR T . AW R R A H
BELCH ARG OL T 2% S o A 52 B 25 40 ) A
ML X —8R S Xiao B B ZB R IF— 8, JER
WEFE T Z AR TR e & B 2R KO B N R BRI AR S
BB M) o by T 5 66 v N A1 22 W A 2 K A 3 T 2B ) 9 17
T 3 € 1 e FL B T 7 - e 2 T 6 P BIR A UK 2 <k
et ORI B A MR 2R B A AT T I R A B
4538 . ABETEE N B R AR A R T R



160 KL FRF R

5 34 4

JEXUE . R A PE T R AR T ORI L L T
T T RIEREN PR X S TR X SRR L
FMSE BRI —BC A, B R X
B b 28 S B A S 0 A TE B BV R AR T S
i DX R PR 1 20 b 9 2 A i AR R R Hh BB B AR AL
I FT 45 R 22 5 T RE ot il - M ol A0 2 21 70 AN [ i
M. BRI R AERIRIL Y T A AR A K B
T EE 3 I B K 2 T B e i MK T R R
28K, SA IR LA N T i & 6515 i 45—
BGHE B EEY R IR S8 D BER
/N L 3 T RE A AR AR T R T KA,
T RBR K = B 55 T 3 7 1) Bk sris gl

I e 4 X L A S 0 SR Ao BR AR, H B
B 1 1 R B W R B RS BE A TR . AR SCBT
FEU T T R AA A T W 2 X AR S R G R
JZ SR S R SR OK IR AT B S AR ST A
TANEF B S R ER A AL L A R G R R R L A L T
HEER R R A BT ok R R A R
TR B2 WL 43 A 4, 0 - 198 26 O aek R 1 4T o A
T E AT AN W KRR R R 36 )R S 27 4 3 R Al
b AT T 3R EANBEBER R R R L AN BT RE
5 52 TV - SR 5 EHLAN B2 3R 10 1 2 35 R
THEE L. USSR 2 57 7] REE th T AL BT A ¥
AR AR 22 S SR Ry . A BT 4R T T SRR AR AR
RJZ IR K A RS T 2K TR %45 E
AL A L DX R B T 0 2= BT ST AR ]

I v R AR AT b 2 = B i BE A A S8 ] - Bk
T T+ R K BE T A SO A AN EL A T & BERIRA B
B SRR TR L RE T (E./Eo) BRI, 35 Bl
DR T i & BF AL BT R TR L X R R H K iz B
TR TR B SRR . AR TR e, EE AR B
T HEZE A BNIAREE B BOW LY KR (18] 6), R
U o B R AT 3 2 B A7 R B 1 1 30 R R PR K
O RN AT T M R AR ARG L SR R R R AR
AT T EE AN BT 55940 T 5 K X - g
Kk FERY R R (P 6) 37 BF RIS B A9 82 o B IR 1 8 s
b S K AN A AR X - S 2 R R I HLRE A # A
PR A Wi i) 3 0 FG 55 A e BB 3% . BE AL
BEG IR A 00K 700 28 R i S AL LR L 6 AR ARGE
i SRR BB A KA A BB AR . R ORI ST 3R
3 8 2R I B0 U0 Ml R R RE b R K A R
DU e HE T VD AR BRI S A R i R A

£ LTI, g R AR AR M 3R R B 1 — T 1T 2 T
TRZ IR EY) = BUR R L B T R e AR S

%+ R EAAL s 5 — Ty m B W T R IR AL, S
SR 43 ] 1A% i 1) 308 T8 AN ()R 4 BELRY o PR 4
THRTRER AL E I ZE R R . BRILZ A, ZRMRGE Hb
R MR 2 28 R RO HOE SR KR
AR A, AT 2 1 2 2% - HE K 43 1 A 0t 6 ARG b
FEHEAA KA AR

4 &5

(1) v 0 R AR MAUT b 26 J22 7 35 RS L 385 ) X ik
RO RS BRAMGIER. E2 KR 70
KIm 22 TN EF B S5 1), B1~B3 kb4 Bo 4b 3 &
THEE R B> T 44.67%,42.65%,43.03% , &
BN+ e K ot B AT B AR AE (P =0.034),
B 5 BT A o 1 R 3G, BA T X AR R R
FHEIEA (P =0.01),

(2) W Hir R A5 G b 3R J2 78 35 X 2R bR - HE 7K 43
TR A L WA E L BE A A R A =
B, € 5 KR XA R K R (E/E o) 150
$2 ST WA NS B I 2 N N N i = o 1 O S
Sk A W 2% 5, B3P2 AT Y b 18 A Kk R R
s HEBR 155 60.35% .

(3) W 37 R AR PRI 1 3¢ 2 B 5 0 - 3R TR S A IE K
I, B1~B3 Ab 3+ R 43 A3 T 1.63%6,2.09%,
1.31%; P1, P2 &b ¥ 4 SR8 B 43 5134 1 3.62%,
6.33% . HTEZE R BURE RN, 28 R BOR 5 + R
AR ZEIEA (R =0.53)

()%} L Black , Rose 148 /5, 8l ) 2% 78 & B AU 5
P25 F, Black F5 8 A %5 4 i S5z e 357 4R 7% AR O 3t 36
R4 T N g B E R e B ] AR A

SE

(1] RVEMRITRERT .S ARMARE K LEERBIGS
IR o N s A R I O S I B N S S
2018,32(2):11-19.

[2] LiuM, Xu X, Wang D, et al. Karst catchments exhibi-
ted higher degradation stress from climate change than
the non-karst catchments in southwest China: An eco-
hydrological perspective[ J].Journal of Hydrology,2016,
100(535) :173-180.

(3] ARITFE, T SCH M EXE WS HED 4035528 R ik
B [T KFLA 3R, 2014,25(1) :69-76

[4] Swaffer B A, Holland K L. Comparing ecophysiological
traits and evapotranspiration of an invasive exotic,Pinus
halepensis in native woodland overlying a karst aquifer
[J].Ecohydrology.2015,8(2) :230-242.

[5] Zhang R, Xu X, Liu M, et al. Comparing evapotranspiration

characteristics and environmental controls for three agrofor-



%5

k1]

B i A S5 < 6 S0 AR ARV b 3R )2 1 X R R A £ b AR R R A 161

7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

estry ecosystems in a subtropical humid karst areal ] ].Jour-
nal of hydrology,2018,563(1):1042-1050.
Zhang Y L, Feng SY, Wang F X, et al. Simulation of
soil water flow and heat transport in drip irrigated pota-
to field with raised beds and full plastic-film mulch in a
semiarid area [ J ]. Agricultural Water Management,
2018,209(C) :178-187.
M, AL, B A B AR B A LR R K
ZRBBULT ] AR T AR A4, 2015, 31(4) : 98-106.
Zribi W, Aragiiés R, Medina E, et al. Efficiency of inorganic
and organic mulching materials for soil evaporation control
[J].Soil and Tillage Research,2015,148(1) :40-45.
SRV D5 o BT AR % A W) 5 B R R b 3R 28 i AR B
HLERRF T ()], F 5 X % 05 5 3R 5. 2011,25(4) :193-200.
FRAV28 , J £% 4, A JUOR 528 6 R R 0 R A - T 2%
BB A AT SZ L)1 K £ ORFE2 4R . 2018.32(2)
306-311.
Mt sRUE RS I R OY L AR RO B X KA A
B 7R R M AW n e [ ] 40l TR 4 4, 2015,
31(16):128-134.
Xin P, Zhou T Z, Lu C H, et al. Combined effects of
tidessevaporation and rainfall on the soil conditions in
an intertidal creek-marsh system[ ] ]. Advances in Water
Resources,2017,103(2) :1-15.
Geng X, Boufadel M C. Numerical modeling of water
flow and salt transport in bare saline soil subjected to
evaporation[ ] ].Journal of Hydrology,2015,100(524) :
427-438.
R, ZRE, EEWF AWK A - SRS
T b AR P B AR R B S LBt BH B 2 X T 5]
(I ER 53R 85 ,2012,40(1) :57-62.

(k3% 152 7O

(18]

[19]

[20]

(21]

(22]

Lu N, Godt J W. Hillslope hydrology and stability [ M ].
New York: Cambridge University Press, 2013:313-356.

Li Y, Simtnek J, Jing L, et al. Evaluation of water
movement and water losses in a direct-seeded-rice field
experiment using Hydrus-1D[]]. Agricultural Water
Management, 2014,142.38-46.

XU /NG T ZE MG S R TR B I 4 1R B 4 K
SIABEBRUIE SR TR X EE S H 5, 2018,
32(11):114-118.

Arnone E, Caracciolo D, Noto L. V, et al. Modeling
the hydrological and mechanical effect of roots on shal-
low landslides[J]. Water Resources Research.2016,52
(11):85890-8612.

Kirschbaum D B, Stanley T, Simmons J. A dynamic

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[23]

[24]

[25]

AR 22 1 4, 36 50, 4 5t N W 30T e Xl - S AL Y
I AT S EACRIE L) ] Bk 5 BRI . 2015.43(6) :697-708,
FFRh B L, T S R IR AL S EAT AL Ay il R BIF Y
(A4 1% 5 TR 4R, 2013, 323 ] 1) :2959-2967.
TR AR R BN - K 18 B 105 e X B AU AT 5
[D. 0 AL 4 - 9 52t Rl K3, 2017,

Xiao B, Zhao Y G, Shao M A. Characteristics and nu-
meric simulation of soil evaporation in biological soil
crusts[J].Journal of Arid Environments,2010,74(1):
121-130.

BRI, AR DY AR, 45 R B RUK R Rk s &
MR B BT T LT K H 2441 . 2014,45(6) :666-674.
Kidron G J, Tal S T. The effect of biocrusts on evapo-
ration from sand dunes in the Negev Desert[ ] ].Geoder-
ma,2012,179/180:104-112.

Wk . b G20, e B 5 300 b A W 45 R R A
B Y A L) ] T 5 XY . 2012,29(2) :352-359.
Zhang 7' S, Chen Y L., Xu B X, et al. Topographic dif-
ferentiations of biological soil crusts and hydraulic
properties in fixed sand dunes, Tengger Desert [ ] ].
Journal of Arid Land.2015,7(2):205-215.

Zhang F, Peng Z D, An Y X, et al. Water-holding
characteristics of the litter under main tree species
plantations in Beijing Xishan mountainous areas[]].
Scientia Silvae Sinicae,2010,46(10) :6-14.

X BH S BT I, SR L A ARl £ A L X R R RO
Wy J2 R0 e 8 )2 K SO [T ] K = AR 45 2 4R 2011, 25
(6):148-152.

FA LB R TR R TSRV
T HE VR R K o 09 52 ma [ 0. b s R A o i,
2017,39(3) :48-56.

landslide hazard assessment system for Central Ameri-
ca and Hispaniola[ J]. Natural Hazards and Earth Sys-
tem Sciences,2015,15(10) :2847-2882.

Sidle R C, Ziegler A D. The canopy interception-land-
slide initiation conundrum: Insight from a tropical sec-
ondary forest in northern Thailand[]]. Hydrology and
Earth System Sciences,2017,21(1) :651-667.

Kim J H, Fourcaud T, Jourdan C, et al. Vegetation as
a driver of temporal variations in slope stability: The
impact of hydrological processes[]]. Geophysical Re-
search Letters,2017,44(10) :4897-4907.

Bittelli M, Valentino R, Salvatorelli F, et al. Monito-
ring soil-water and displacement conditions leading to
landslide occurrence in partially saturated clays[]J].Ge-

omorphology. 2012,173:161-173.



