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Abstract. Soil evaporation is an important component of soil water balance and energy exchange, and it is al-
so a key link in the hydrological cycle in arid and semi-arid region. In this study, the evaporation rates of the
biocrusts and non-crusted soil developed on aeolian sandy soil and loessal soil were measured under simulated
and natural conditions by using micro-lysimeters in the wind-water erosion crisscross region on the Loess
Plateau of China, the differences of biocrusts soil and non-crusted soil evaporation characteristics were
analyzed, and the soil bulk density, soil particle distribution, and organic matter were determined. The
results showed that: (1) The process of evaporation could be clearly divided into three stages under simula-
ted evaporation experiment. As compared with non-crusted soil, biocrusts soil decreased the evaporation rate
by 3.04% ~ 15.46% (0.21 ~ 1.05 mm/day) at atmospheric evaporation control stage; while it was
increased by 32.26% ~ 187.07% (0.58 ~ 2.54 mm/day) at soil hydraulic conductivity control stage, and by
12.91% to 87.73% (0.05 ~ 0.34 mm/day) at vapor diffusion control stage, in addition, the cumulative soil
evaporation was expressed as biocrusts soil higher than non-crusted soil under simulated evaporation experi-

ment. (2) Moreover, the evaporation rate of biocrusts and non-crusted soil was low under natural evapora-
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tion conditions from June 16 to September 3, and the daily average evaporation of biocrusts soil was 1.12 ~

1.42 times that of non-crusted soil. The evaporation rates of biocrusts soil and non-crusted soil increased

rapidly after rainfall. Furthermore, the soil evaporation amount after rainfall was 2.20 ~ 8.55 times that

before rainfall., biocrusts increased soil water content after rain and promoted soil evaporation. In addition,

biocrusts significantly increased soil cumulative evaporation (F=21.85, P<C0.01) from August 10 to August

22. Our experiments indicated that biocrusts significantly enhance the evaporation of aeolian and loessal soil,

which may play adverse effects on soil moisture retention in the wind-water erosion crisscross region on the

Loess Plateau of China. It is, therefore, essential to pay high attention to the effects of biocrust covering on

soil evaporation and take necessary methods on the Loess Plateau of China.

Keywords: moss crust; soil evaporation; aeolian sandy soil; loessal soil; Loess Plateau

B R R EK IR R E ALK Z —, K
3R E B B b AR A PR B B K R T ), Kk KUk
A4 XA SRy e D R 1 DX, A AR Ak T B A
PR 0 E A R S B T B T M 5 By A
AW, 7 20 22K, ¥ - & R R P E AR (B T
PR T KA SR Z 15 8 0%, X5 bk
by DA % b A b e BT T ARB B, A ) 4
WAEZ X V2 434, B 55 BE AT 3k 6026 ~70% , 2 TH
e SRS BRSO R i T R A T R O
PR B X R 23 5 1R - K ST R AR AL

R = 5K 43 VAl

- 9 7 U SR M 3R K 431 B B R AS 4 1 A
BB A3 o S T R T R XK SCIE PR R OGS T . A
W48 K 00 e B R DX S8 P A 98 K 43 Wi ST Al 7 AR R
SO A G5 R R i LA AT RS M A R
UMY S B BURLAR BAE R B B
TG A 2 A R H A B R R A A S R A
BRI RE I Bt s LK R k. BRI R TAY
g5 Bz X 2R R s e © A R EESY  (HE N A
A AW AL, o, 28003 N 0 W 45 1 ie g
it IR K A f D A B A% BV B Y R B, A
Y45 B R A% 11 3 /K 43 543 e o A VR 24k 3 i+
T2 2, i 18K 7 978 % s Yang 51
W LI, LK IR BLFE I T 5 B 45 f + 3828 kit
M8 4 em M IERBUE KA T 6.5% ~24.7%
B, B BRESS N T + 8 H 2% & & Belnap & &
IR, 2 R 0 €0 A R ) LR ) 2 B S A 0 b 3R S U R 4
1o o AP B B AIG L X DN B THT I S AR W 45 K AT B T
Jinh g i R 2 R B AR 0 A A
A AR A, 8 05 S5 AE B IR U0 Vb M P A 5 K
I AR R BEIR AT AW 45 B 223 0 %t 1 1
2R MR 5 4B 2 38 A5 e B 3 M XN 1
A 0T T R B R I I i B TR B T
I B AR AR LA e P AR 5 R A5 T 28 45 7 DL /D oK
AR s Xiao 551738 o B 28 R0 R L A W A5 R

REWE TE 28 W INIM 28 & . 3 Hr R AR ST 45 R
AL A 8 B Fp 2R+ e ALY 25 S 1k R R
5T 77 35 T BE 1 2 FF 1 DL B 25 % A5 40038 56 i B 47
75 RN AR HEAS — 1k, ¥ S BUE WSS e 128 &k
FA) 52 i R AT R A 4518 .

ST I O IT B R R XA ) e B
Y25 KRR, 48 78 A2 W 45 B e AR 28 B0 B 03 h AR
FH A SCRIAS F 5 - vy it i 780 K ok XU ok S8 A X 7S T
TH /N R AE 98 DX, DL 43 A i BE 5 K Ry A SR
Z L B ZEB AL OF 5T B 45 R A T A AR L A
PR ERAM T MZERARE, PR R & &
JE 7K ol AU A8 B X 45 R 7 55 N 1 R K 432 Bl
(LA 00 4R AL SR e BB L o X 25K A2 e 5% AL ) 2
WA T8) B AT Sy >4 i A ) 45 B 52 ) - 338K 43 78 % D7 T
FTAFAE Y o3 B R A — e R A A R
1 #rRt Sk
1.1 HREHR

WF 5T XA T o B RE 2 g 7K 4 48 35 0F 5 BT 4 K AR
ot 55 P 05 3 T 3 32 DX b A B P 48 R T AP 14 km
AE 7S TE B IR (Z 28 110°21"—110°23", b 46 38°46'—
3851, Z/NRIREER K 1 094.0~1 273.9 m.J&@ T i
o T RAURIAL AR 8.4 C L 24P K it
437.4 mm, KN FERELNTE 6—9 H W KR 542
AEREK AT 7090 ~80%0 . Ik PN Y 2R 350 - HE KR4 A
g - U D el S = s i U< S
DA A At bty o DR b B 2 2 T AR o K R B 1T AR
WG K, B i DA 2 AR B AR (D
AR SV B AR A R 2 BN T &
BRI 5 TN, RZEAYE R S
BEVRL AR 25 DL S B 2 By L O HL LS i Z AR h o A AR
i K TR HE A, Ak 0 B AR
1.2 MIRF*E
1.2.1 K RESEETE 2019 4 6—9 H i
AT o 250 HIT A 7S T8 V8 AL 35 P R 2 A 45 K o3 A R B K
- 9 M S A L S P R (1 AR ) 2 R 2 R Ry R 2



210 KL FRF R

5 34 4

Bz, HLRL ) A R Ry KD+ 584 4 L i PVC &
BIMEZE BN EA 11 em, 5 15 em NS B 14
cm, 5 16 cm) . AR 4 o0 B0 2K R 06 R AR 2
FART L 2 A g0 25 W] AHORE R SE L 2 AR e 1 ik
BEEESS e 5I0As R 2 B e S R R X + 5
4t 2 B HE T A BV - TE 2 e KT+ B
G5 K HHR - TOGE B W B e A R b PR R
WhER S ANEE, TEHFERT R BUNE PVCET
MHEATEEEHEREEES LD 1 em 4L K5
HUH - HERE S IR PVC R O, 20 A 5 i 3 %
HLIP7 Ik M . dE Ak, 100 em’ 31X 1k
4 FALFER) 0—5,5—10 cm By 4 )2 PEATHURE , LW 2
P S LB BE B Ab AL B3 AN H AR R Sl R B A 4%
URH 7 1) 8 25 Rz 0 TG 2485 e - 398, 77 R0 50 56 28 XT3 e
Je ) S G A B A
1.2.2 BEMALRE  BEEZEASE AT B H#ZEB
PR PVC B RIBELE By T 045 i 78 ki i, +
SERE A 113 30 8 S5 78 43 AR A R ek R e 32 i K
FEEEPVC AR Lo UEHE R 253,24 h JFEUE £
BRI O PRI YD 2 LR E 24 h I E £
RISy B E 28BN & PVC w5+ BHE T 0 IFFF
IRELEIALES . 17 A PRES R A H 14 X6 A
RBALNE PVC & CE T I I b #2232 KB B9, 7%
B Y AR S AR RE R 700 AT 1900 A DR
0.01 g FHLF K- B H, 2 WFR B 22 8] 9 o o 22 {E )
R4 H ZE R AR MK A A DU 3RO 1 28 K i
AN N E Y 8 - R/ N W

E

~m

E,=10

orr?

AP E, N R KE (mm) s E, 9K or 78 & B, H)

BRI T AL (2) 50 NAKIE VBT g/
em®;r R A HIZE BN E AR 5.5 em, AR
WAt ZE B AN PR E TN 4G B A R R R B
TR eSS Rk,

FEA 0 25 5 FF BT A 2508 AN 6 FE T A

#6105 ‘C .72 h JE T FRE, B 5 ¥ T A 78 B AN 1
1 A e R X AR R AT PR AT SRR A 75 R IR
Bl FE P K
1.2.3 BREALRE THARKMETNRTEL KM
i RIS B IR ZE R R IR, PR
AR b, 355 PR b 0 5RO O P 2 B RGHE PR A B . SR
ERUF I 288 AN 18T A 2 2 T B A0 A AR iR AN
AbFZ 1 A BHAR L ZE B AUAME 1 SR g K TR S A
e ARSI AL AR R K B UM A AL N
THERCASME L I 22 32 AN S Y T R — 2 Al
FH B 7K i 45 35 58 N 7 55 A0 17 19 LBt DD oAb I 5
XU o B RAM 28 28 Atk , L 2 75 ik L) 5 iR A
WzEk BN, AT 616 HRE H3HD
W ZEHEAT , A 282 A0 R RE il 7K 53 B 85 15 2] B i b
T8, MLAMZE B A A FE T 2 AR 4l AR 40 25 e 4 SR
AT [RIE 38 BOP 30 XUV 4 @ 25 e [ To 25 iz |l 1 )
5TE #:3k (Decagon, USA) 1l 58 M0 17 [a] py XU 7b + o 25
e RS £ T4 B 6 cm A HHES K, BLAk AR R
25 b PR 45 L3 T A B8 K R H o AR A — B S
ZEK RS A 10—22 FHDOHEFTXT LA #r .
1.2.4 A BHAEFRIRAABEL F Ao 25 & LI AL
PR 2 R RN A AR AR R B B
U BN SR AR I, R AE K T g e RIE R
PACE BT W AR 1,

1 BEFRAERTEBEUAMER

- + 2 HE/ ML AL A/ % B A& 4 AW/
WE/em (geem™®) Bk ok ki (g kg™ JE B /mm (geem *)
T 0—5 1.65+0.02a  0.0240.00b  2.57+0.06b  97.41+0.06a  6.94+2.28hc
X b 4
v " 5—10 1.59+0.05a  0.0240.00b  3.0940.04b  96.89+0.04a 5.17+2.96a
‘ 0—5 1.4740.02c  0.0940.03b  3.76+0.95b  96.14+0.98a 20.93+9.37a 9.39+1.04 0.1140.03
Wb+ #egk g _ _
5—10 1.6040.05b  0.054+0.03b  3.1940.10b  96.76+0.13a  8.24+4.14a
0—5 1.3240.04d  0.554+0.0la 16.7240.31a  82.72+0.32b  4.56+0.17c
g Ry e _ L
5—10 1.4240.02bc  0.61+£0.01a  18.66+0.24a  80.73+£0.25b  5.23+0.16a
- 0—>5 1.1940.03¢  0.58+0.03a 17.58+0.74a  81.84-£0.76b 12.44+5.30abe 10,284 1.01 0.06+0.02
s LS 5—10 1.3840.03c  0.56+0.11a  16.90+2.07a  82.54+2.18b  5.85+0.04a

TE 2% PR O 308 bR 225 B0 N <C0.002 mm, KPR 0.002~0.02 mm, BR R 0.02~2 mm; [ 8K [l /NG 528 K o8 45 b+ 22

BE, FH,
1.3 HiEsE
I 5 i2 Al Microsoft Excel 2016 #E17 4b 2
543 #7, Lk OriginPro 2019 i 47 fE &, Fl IBM SPSS
Statistics 22 #F 47 % 4 M (One-Way
ANOVA),

2 #iR50hr
20 BMEARBSARERTEFANROESR
B
P P11 T A e R T W4 3 A
BLIRRIUN IR S T F RS 12 13 RIK T



55 1

2 PR 4 - 2 g JRUK o R 5 A I 45 By e o T 28 R A 211

R By B v, b HEZE R R A R, B 2 Rl 1
R BIEER T 3.04%~15.46%(0.21~1.05 mm/d); +
HESKCRPERI B BN 4~8 K, LI 1A 4 39 2% & 38 )3 TR
TR BELE R AR T AR R R 32.26 90 ~187.07 %

8

L N

ARBE/(mm -~ d?)
N

(0.58~2.54 mm/d) ;9 KZJF RKIEY HE il B Bt , 8%
G5 Kz K o4 B A R Y ZE A0 BE 1R B B B AR OJT
TRAE , BE A 2 R ZE R EE RS N T 12,9106 ~
87.73%(0.05~0.34 mm/d),

T 23 B+

L (=
T T

ARBE/ (mm + d"
[\

0

|
S = N

Bl BEEHTHEESTERTENERAIRES

22 BMERRRBELELEBEZTERARAZELMEN

KRB RIS

M 2 AT KA R i il by Br e 25 i i 5
By BRZE R BAR T o4 i 05, 5 K R 5
By BE B K IR AT O i B B v B 4G R B R+ B
KEREER TR, Hrp, KARZER I B B
() BN K B I, T - B A R S A B
) BFZE % B R 18.96, 18.45 mm., 4> Bl 5 R b +

24
Bl e | NARRAEBG R
£, | P<oon T b B
~ n=6 B K
ﬂZl L %
%20 -
Ko | : 1T
g
18 F
1
17
Fi | ﬂ%ﬁ‘ Fepl | a%&‘
R+ Bt
8 —
7L AR B B B
g
E 6 r  F2s5572
W s | P<ool
ﬁ 4 | == .
B3l —— A E&K
B | == oy
1
&K B4R & BEK
P Bet

T B —— R D fE Jop e 0oy EIME. R

Jogh Bz FN B 4% 4 T 45 2 95.62% (19,83 mm) Al
89.98%0(20.50 mm) ; £ HE F 7K S il By Be 1) SR AR 2%
Kol R RS I N R L B R
ZE 3 1.60~1.89 5 (F =30.25, P <{0.01);
ARG BRSO Beny B ZE & &Ik, 4T 2.54~
4.93 mm(F =255.72,P <<0.01), fE5e#2 KT
o, L BRI R RN R B i s L >

Jogk e e,

18 r

16 b TS KEEHIN R
g 14 F=30.25 Tc 45 2
3 [ P<0.01 ] BEE moew
2 | n6
@10 - ==
K og |
e =

6 [ =

4

Fur | BEE | x4 | BEE ‘
R+ Eaet

40

38 | SRR LE
g6 | I
lllﬁ?ﬂ - %
§32 -
BR;30 - v )

,s L T B

B
26
T4 K | BEK

T4 K | B ‘

R+ HA+

B2 BUEHTHEEEXLLERIEERTRNZAMBENERREREER

23 HEHELZARELRBETERLEESSK

P 3 TN AR R R AR R S 2R R R
JEE MMF BRE(y= (ab+cx)/(b+x ) KR AL &
IR K VD 4 R 4 R L g 0 2K kR
Yy A T o4 B -, £ S K = 7E 10% DL LR,
BELE 7 10 28 kB A 7 O &S e R 94.47 % ~

96.57 %4 5 £EAH ] -3 & K i (1% DL T BE 25 B B K]

R ARG - 325 K o 42,41 % O ) A1 3,43 % (i 4

), FAE H I E K RS AT BEL X

REATMHIE .

24 HAZFHGTHEREBESTENERLREIE
4 R RRERN AT R R R KL B S

ez kw0 WY AR T B 2 B B - AR R R



212 KL FRF R

5 34 4

BTG, 6 16 HE S H 9 H, BRI M2,
KGR R AR B, 2R R I B s K8 A 10
HZE9H 3 H.BEWAED, L H2ERmEHl T2, 6%
45 R 7 36 MR K 4y 25 KR E B S T4 e R

8 —

~ A+ |

o

. 6T .

g

&g

~ 4 F

o L p 52

= 2 5 o i
2t i A

wo WET e BRAE
0 1 1

2 4 10 12 14

6 8
TBE KR/ %

FAR TR s LI N R TR S B R R R R
TR 2.20~8.55 15 JLAb . VD L B 45 e + 1878 % o
JEAT 48 A KT IRTD - Je 45 fe L i #5 4 + AE 2
()78 K BE A 52 My S KT - Toah i .

8 r
N e N - s §
T.c °1 Pt
g
8
I 4}
k= .

m G ol
= EREA
R BRUHA
0 L L . I I I |
2 4 6 8 o " - ,

THEKE/ %

B3 BUZELARRBELARSTERTEAKESZRBEENXR

8

T

g

E

~ 4

i

b

® 2

e

OTII | I I I .Y S 4 S |
- 0 N X T = e N S n O
Lo I o T = e = A > B o Y <Y
Y W & o B 0 o o o o o
(= = — I — R — i — R — = I — 2 — I

H#H(A-H)
8
Bt

Tebk 11 T

g

g

>~ 4

i

|

)

e

0IIIIIIII‘=’IIII
- 0 N X T = S N S n O
N N OO+ O =~ = N NN o™
G W B ® b ® b ® %
S 0 oo o o o o o o <

H#R-B)

B4 BRAEFUTHERETERTENRLEE

S IS I o VU1 1 I P R o 2 e w3
K KAE N 5.50 mm, & WD+ TG 45 B2 44 (4,97
mm) Y 111 f5, 848 885 e iy R IR R i m ol
6.06 mm , I & 4% + JC45 B e wi{E 5.66 mm; 123

R T IR/IMETE 0.06~0.16 mm ; &E45 f 7 55 + 11
H P28 % 8l 2.07~2.30 mm, Jo&5 & +3EHy 1.46~
2.05 mm; XTIz W] RAZE Kk B L ARG
SRS T 10.91% ~41.07%,

2 ARSUTHERSAEARTENELBESEM

! PN /) H¥H E 3

KA Epog/mm EEE/ mm ELE/mm ELKE/mm
Wb+ 5 4.9740.61b 0.07£0.01b 1.46£0.13c  83.18+7.64c
Wb+ 845 5.5040.42¢ 0.0640.01ab 2.0740.08b 117.3444.83b
EE R 5.6640.20a 0.1540.01ab 2.0540.06b 117.12+3.52b

EHELBLY  6.0620.44a 0.1620.02a 2.30£0.0da 129.9142.25a

25 BARAZGTHEEBEETENERBLHLE

& 5 AL 7E 8 H 10—22 H, HAR ST By s¥
45 Bz AEAS Rl 78 e B B vt + 38 AR ZE Kk w52 i AN [
KAZER IR B B 458 B 28 L mm . HR/IMR
R RPN 84 B2 e > Kb Bk e > A+
gh e > Wb + o4 2 (F=12.54,P<<0.01); + S
ARG B BeFp e i M K, H IR R ZE Kb T
4.41~10.17 mm, BE4E e B R E T L R RE L
2 42.31%~130.28% (F =14.89, P <C0.01) ; IKIK¥H"
B B B R AR 25 R B e fil (2.84~3.89 mm) , BELS
K DI B R RS K R ER 1.13~1.27
T BRSO E
K 19.22% ~64.09% (F=21.85,P<C0.01),
26 BAZHTHLEEBESITENELZRESSK

ENXR

HIE 6 ATAN, AR RIS H Sk S 1
KR E S MMF sREOC R B G V> T8 45 52 1Y
T A KR W T IO B A, b KUY 1 EE A
BB A S K i S 7R k5 B R v R KD T A e Y
1.91,1.17 i s 76 L& K A 1300 DL B, s 4%
B R R BEAT 3.29~4.27 mm/d, i X 7b +
o4k He +HEAE 585 K 10,34 %0 I 28 & 5 B A 3 %




%54 2R PR A - 95 4 5 SR K il Uik 52 Al X 46 i B o5 - G 28 R R 213
KAH 3.64 mm/d, KV T#45IRE T LM &K i PR T HARAME TR L z8 Rom e,
iz' 1j $H13—17H £ 3 A B R 51 B
gl2 g 12 o [EER
S0} A0 n=6 ==
25| ol
® o6 | ® L F=14.89
4l 4 | === T4 Bz 5:40'01
BER
2 2
REE | ﬁ%&‘ T | R ‘ K&k | a%&‘ Tl B a%&|
R+ ®HL R+ #BHL
8 r 40
. 8H18—22H /KA F & f& il B Bt 35 8H16—22H#Z R T #E
g6 £ 30 e
= T4 B F=9.20 = —
LN B R P<0.01 1H 25
& | 2= ® == BEEE | .
e 4 = e K P<0.01
o @ ==Fe= 15 B n=
2 10
Rl | B&E | R4k | B4R T | B&E | K4E | B&E
R & HH+ Rt "t
5 BAEKGTHERELERTEASB 10— 22 HWTERAE
5 r 5

IS

ARBE/(nm - d")
[ =]

7 8 9 10 11
TEEKE/ %

& 6

3 Ww
B SR K ok Rk 52 DX B 4 Y S R T
FHEZE S L B H I A B AR AR s B
25 F 0+ 2K KON A B B A N ] B 52 M LR,
T 25 i e oK AR Z8 & T 4R A B B i - 4 7% k0
JERC L, TOEE M R 75 R R T R A A T
Ot HTE HIEES K EB SN AET  sE 45 f X+ 1
RRAFTEMHIVER . X AR T RIELE NI
il B B AR R 3 1 K 48 B AT R L W IR K )
B R, RERE T 3% 22 1 /K 350 BEKE R )2 K 4038 ) 1 5
FLBRAS W 1) b i 3% e 2% B 38 M 3R, T R 25 B B AEAE
— 7 T BE 0% 38 o HL R 2 Y B0 45 A K K 43 BH R TE £
BT 20085 13K 43 1) A% 26 10 BE ) LR AR £
BRI oy — U7 I, 85 25 B e 0% A A B i W K g
W T3 K A B R 45 B 2 rh IRl T A B AR TE S
50 P IR HCIR A 0 R B RS Bk i A
P F 5 /2 45 I D K o LR T Y 28 s BRIt 2 b

ZERBE/(mm - d")
[\%]

14 16 18 20

5 6 8 0 12
TEEKE/%

BAFHTSA V-2 BRDPIHLERESRERIEEREESSKENXR

E 28 Bz 7 0 1 R b 0 LA A Y MK RN R K g
PAREIY L/ &7 - B i we A R DN G e o
R, s AE R B 2 6T M R 1Y) 38 N BB AE
FE LR B IR O 2 i SRR O P AR RR IR B A 4
3 LU0 7K A3 B0 B2k 5 Xiao 25070 58 1 A5 401 2% & ik 56
T3 YA B 7 e T IEAEZE R 1 W Be 28 iR
TG4 B 34K 1,12 mm/d XD ) F1 1.82 mm/d
CHEZ ) S50, X 5 A 00 45 AL BE AR — 3, SR 3
1 TR K ok XUk S8 X B B 2 1 R A% Uk 28 1 1E R
KRR E Wy BN ZE KR I A K B R A
B Fr I T R K

+ 3 TR By BE LA SR IR B B B
IR AR S S K B R IE TR IR R A TP
RO HEess e a LI R R m T4 K+
e, sESh 0T S E Ik M BT R A 49 45 4 1) Bl AR R )
B R X R T EESS R 5 IR AR A
B RO LB R SR AL (R D (A A



214 KL FRF R

5 34 4

g5 LG Y U 2 W B A I B A R EEAE
e 5 R IRRIZ K I BEAR I L To2h B 4 e 28 R it A
I BT R L OIW TR R Rk TR R R
(1 30 T 0fo 2 R ARG L B A B B SR (AR TR &
SEE LU T 12 58 8 009 AL B A K 7p 2 A 3R
TS R R KSR SR B VR TR 3 kb 25 F
THERIR UMUK R 2 K P A K Bk
R FARLAE O E i AR A AL Y L B iR
KB, - S4B D A ey W) B A AL B A O o - 7
Py 00 5 2500 A5 A AR I 5 B TR U TE K 4y
KR B T U R T 10 em £JRK 2 HY
ZRICARIS T LE W 5 Bz i v 22 55 A V9 1 T I e
T K s Kidron S50 0 A W 45 B RES B UL +
HERIZ TR L, $2 5 1 K o3 19 28 2 8, OfF B
TE KIS BICPE h Bir B rb A2 Wy 245 B 6 st 3R K 20 3%
WA O - 58.70 %, BELE HX H A E Y
WEARG » Rl A BIL &5 1 B 4 p 3 BB 4 B B s
SEAE T K AP B BE L KK IR R il B Be b i) 2%
S5 e T O04E B

FIARZEAETT L S 445 B 0 3l 2 i) e 78 T RE 223
Wi A% e . — 7 T L BE A R B AT RE S I R
J2 W (A A 25 BE 25 B A AT R TR oK o3 i SR T
P8 5L B A BELE B AR SR K R TG i B v, FL (8 25 38
BRGSO B ATE TR T 2 BB A, RIESI6E
BRI 25 5 WSS 2 9 A B 5 T el B A e g 19 - 3
R o T 368 17 0 e Ml P e g M e 2 iR 2
DAL A= W 45 e ] e e 488 v 9 il 2 [R] 432 e i 4 S 2
K3 T3 — 7 T BESS BB WK RE R T BE 2 32 i L FA
R RN R IR AE B i 1 AR R B B K
T A B2 B b e OK O B Y i T Y
T DT 5 50 H R 2 B A T e 34 ] I 52 g 4
WL, LR L WBEZ 32T, Belnap 45 A,
CRIRI A YA e A i R 2 0 3 e S
FA R ZY 5000, Bt H R 2 R R IFIESE T A W)
25 B AT Bl T4 R BE IR N 32K 5 Xiao 2 1
TSN T8 RIS 2R AT L G 45 B2 BE A% 3 5 2
PE e R L 2 I

TE FLARBEFTIYIE] SE45 B W AR R T A SRS T 1Y
WD+ HHEE KR I FAE, e s R R e T
TLgh Bz 13, Fovh B 4S B 5 TR S, B e R RRE S
BAMZE RS T 28 & 50 2 BYBORIES 3 M B RRIE K
HOME . FERD IS 8 At A W] AR T B4 R BT S
TR ZE AR e T IO B M R 50 R B K R Y
P N T AL R BOK R, RIERR L R
FHH S BESE B B S - 5K 43 A8 AR L BE LN i X
WK I i 2 R ) - e 2% e ik, A I W S 0], 8 245 g

I R ZRRUE R K K IR A 1 A S T
IR, T B R R A WS DR S K, LA,
48 R 4 i - e TORURE B2 1 BB 7 L AR RS K 1 R Y
I A K 3 ity B ST DT 2 735 7K 40 4 7% K 1 T g
PEUT S e kA TE S AR Y R I AR T R
S5k B 7 o T R R (0 348 S X 50 pR BSOS K Y 498
Yair 25T 2 B L A Wy 4E B Al % W I R IR L
M8 2% 7K 53 IR 2 A8 REEAE IR Z K43 L)
R IIE I 5 Xiao 4512003 i3 06 & BH L 2 45 iz v
FE 3 1 34 2% & ) Oy 20 4 K T Y REAIE 14.8 %6
FEW > X I ) K GEIR . AR, A ARBE N S
T IR R RN B A R B R oA+
He, B 25 B (A7 AE AT RE 23 ok — 2o Mg, BRIV Ao 19
T HERIZ MR LB AT )2 A K S n] R A
B 0> T F 2 K B

TEAR S SRR A0, i S 90 1l Oy - 31 28
W R 2595 (URE T 35 R AKOT T L T R 2 5 B R 4
TS DT 1 B 45 e 55 045 B2 19 38 48 G W I 22 1)
FESERRAY A SRR T W58 X N 2 50b Heaty /5 3 8, 5
SRS R 5 T2, B MR B A T BB AR A — o 22
Stk R R . B Y ARG 45 B T B S A
BRI SRR BELE 2 28 & A7 AE — 8 2500, I LA OG-
SR SRR X 2% AR A B iR A Rtk — 2 ST
4 45

(DRI &R UG b, B 45 e o I B R T T
3 ERZE & B (F=16.09, P<<0.01), Jf H#E4S Je xf +
HEZR St AR i R B B Y I Bt s KRR R R
il B e, S 4t R B v T R HE A K SRR T B
(1) 3878 R B, 7E A HE T KOR B ] o B DA B OK IR YT HE
FEHI B Berh B SE lz 4 s T R R R

()6 H16 HE 9 H 3 HMMMI M. ARZE R LK
PF T BB 45 i 2 56 - e K TC2E e - AR BT S 1 2%
SR L T AT Y 2,20~ 8.55 1%, B 45 i 452 55 b %
T BE Y BE 7 DL B AR B TR A R TR K R L B RR S 4R
FE A HEZE R R 8 A 10—22 H  EELE fr 4 1 4
Tk BRI T ARG R KR, IR
EARE T IR K 19.22%~64.09% (F =21.85,
P<C0.01), #£45pz %t H 3478 & i DL K 43 BRI
J ke AR v A L B8 T 8 v R K ok XUk B2 A X
B K 43455 L AT i X 121X 38 3K o A5 15 A A 25K
B AR,
5%k
(1] FF et i 8t 4 4 1 B4 0 2 R 748 £% 3

2 He 5 T X K S A S R (). K AR 241 L 2015,

29(4).1-6.
[2] Belnap J. Gillette D A. Disturbance of biological soil



%5

k1]

2 PR 4 - 2 g JRUK o R 5 A I 45 By e o T 28 R A 215

(3]

(4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

crusts: Impacts on potential wind erodibility of sandy
desert soils in southeastern Utah[]J].Land Degradation
and Development,2015,8(4) :355-362.
AR B I WP A B RN T A R X R
3K G X R K R AE Wy 45 B by 1o [ ). e [ P, 2018,
38(3):600-609.
Yang Y, Bu C, Mu X, et al. Effects of differing cover-
age of moss-dominated soil crusts on hydrological
processes and implications for disturbance in the Mu Us
Sandland, China [ ] ]. Hydrological Processes, 2015, 29
(14):3112-3123.
JEVHE 5 5 BT RL A B 00 A W 46 B 2 0 b 2 28k AR B T
R 9E [T]K & R Fr 24, 2010,24(1) : 208-213.
R, AL RN B S TR A PR
BEAE Y AT 5% B LT A 4 41 , 2009,44(3) : 371-378.
Xiao B, Zhao Y G, Shao M A. Characteristics and numeric
simulation of soil evaporation in biological soil crusts[J].Jour-
nal of Arid Environments,2010,74(1):121-130.
SRV D5 o BT LR B A W) 65 B RN b 3R 28 i AR S
PLBEBFFE [T ). T 5 X B U5 3R 05, 2011,25(4) :193-200.
SN RS K SRR SN A A i R B ek
FrAK R PR 95 (1 ). 3R B8R4 , 2014, 35(3) : 1138-1143.
KR EALHE BI04 SR AR 3K Ar A8 FIZ8 K5
W ) 2 AR L) ] ARl TR 2741 . 2010, 26 (1) : 109- 114,
Kidron G J, Tal S Y. The effect of biocrusts on evapo-
ration from sand dunes in the Negev Desert[ ] ].Geoder-
ma,2012,179(2) :104-112.
Sl BRI L 5K T B A W g 4 R v ) - SR B BT I
B EK oKL R A ma R (T ], B AR 2 R . 2009,

(k8% 207 70

(10]

[11]

[12]

(13]

[14]

[15]

[16]

AR, 5 B AR 55 VTV K LS [R5 B A R MR
YR K S WK EE S B [T K + 4R F5 2% 32
2013,27(1) :203-208,246.

TE LB R %R Mo R R 2 R A A
M I PR SO [J ] AR S B2, 2019,28(9) .
1767-1775.

R SN S I e A TR W N R R Y S DN
WA T W) S 3K SCRONE LT ] K b AR FF 4 4, 2013, 27
(1) :224-229.

MR L BRI A BRSNS AL AR 1 X 5 i 8 K I
FEMANIE P R AR (T ] B 2 44 7K, 2019, 38(9) .
2662-2670.

A0, GBS PR R AR TE W B o iR T
Rl A SR G b LT & &%, 2014, 34 (14)
3807-3819.

XU BRRRE T o Sl T 1 o S XA [ 48 11 MR
IR [T 1AL AL R 2724 . 2018,40(1) : 89-97.

BT TR GRS L A bR o B A I ) 2 R K R
PE RS20 LT 5 6 A ARBE B K 2% 2= 4 CA R B4 D

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

19(9) :942-951.

Guan X, Huang J, Guo N, et al. Variability of soil
moisture and its relationship with surface albedo and
soil thermal parameters over the Loess Plateau[ J]. Ad-
vances in Atmospheric Sciences,2009,26(4) :692-700.
Belnap J, Lange O L. Biological soil crusts: Structure,
Function and Management[ M |, Heidelberg: Springer,
2003,371.

Xiao B, Wang H, Fan J, et al. Biological soil crusts
decrease soil temperature in summer and increase soil
temperature in winter in semiarid environment[ J].Eco-
logical Engineering,2013,58:52-56.

XUBAR 2240 77 AR W 5 I W 0] %o A F 2% R T
K T 43 A B4 R e A 0L [T ] B A K 24 4R, 2016, 35
(8):1-8.

Emilio C E, Canton Y, Chamizo S, et al. Effects of bi-
ological soil crusts on surface roughness and implica-
tions for runoff and erosion[]J].Geomorphology, 2012,
145.81-89.

Je ik, BERRAR, SR A LG, A A [T R R RE R 1 b
AR OK AR FF 241, 2010, 24(6) : 240-245.
Yair A, Almog R, Veste M. Differential hydrological
response of biological topsoil crusts along a rainfall
gradient in a sandy arid area: Northern Negev desert,
Israel[J].Catena,2011,87:326-333.

Xiao B, Hu K L. Moss-dominated biocrusts decrease
soil moisture and result in the degradation of artificially
planted shrubs under semiarid climate[ J]. Geoderma,

2017,291:47-54.

2012,40(4) ;68-72.

T TR 25 33 SR ARV b T AR AR A 9%
YRR ] K AR 244 . 2010, 24(5) : 130-134.

JEI K SC L 4 SOHE L R AT R L 25 S TR T 4R 20 A 946 4 - 58
FEKAE I BRSE 1] AEZSEREE ,2003,12(4) :449-451.

TRE N EW, T 5, %59+ B X SR YR R
TN F AR AR ] AR 2524 47,2019, 39(7) : 2416-2425.
R I 7R o e e | AN S =N B
A K TR 77 B 7 BIF SR (] AR 25 2 i, 2019, 39 (18)
6731-6737.

PSR T KA 2L B 2 0 - ok 0 v AR X A MR, T
YK VR SR D RE L5 A PR L) K £ PR 24,2019, 33
(2):251-257.

B /NHE L B L Bl L 4L T BHE RS R N T bR
2 B £ e SR A SO B A LT ] MOl B 2 5%, 2018, 31
(3):15-23.

BB, XUBERK, 0 = A 45 A2 AR BUIR I AR S AR KR
W ZEFIEM ] K LR 22, 2019,33(2)
244-250.



