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Abstract: [ Objective] Wind activity and aeolian dust transportation are key terrestrial processes in dryland ecosystems.
Biocrusts are photoautotrophic communities that consist of cyanobacteria, actinomycetes, mosses, green algae, fungi, and
other organisms. As an important living skin and pioneer communities developing on surface soil in drylands, biocrusts
strongly influence most soil processes (hydrological, ecological, biological, and chemical processes) and have a variety of
essential ecological functions. Although biocrusts are usually relatively thin (a few millimeters or centimeters at most), these
organisms have unique micro-structures which could positively influence the formation of aeolian soil parent material. In order
to further explore the aeolian sedimentary effects of biocrusts on soil parent material, we conducted this study to understand
the effects of biocrusts on dustfall retention and soil fixation, as well as their influencing factors. [ Method ] 1In the north of
Chinese Loess Plateau, the biocrusts developed on aeolian and loessal soils were sampled, and the analyses and simulated
experiments were carried out in the laboratory. The amount of dustfall retention and soil fixation of biocrusts at different
developmental stages (cyano crust, mixed crust, and moss crust) were measured. The variations of dustfall retention amount
under different wind speeds, dustfall grain sizes, and dustfall amount were explored. We also explored the key influencing
factors. [ Result] The dustfall retention amount of biocrusts was 1.1~4.8 times higher than that without biocrusts, and it
increased with the developmental stages of biocrusts from cyano crust to moss crust. On average, the erosion reduction of

biocrusts was 19.5~4892 t-km2-a”' under 1~8 m's”

wind speeds. Moreover, the dustfall retention amount increased with
increasing soil water content, and these increases were positively correlated with wind speed. It was found that the dustfall
retention amount was increased by 4.9%, 53.1%, 59.6%, and 72.3%, respectively, under 5~8 m-s™' wind speeds when relative
water content increased from 0 to 80%. Additionally, the dustfall retention amount was also significantly and positively
correlated with the surface roughness of biocrusts. Similarly, the soil fixation amount of biocrusts also increased along with
their developmental stages from cyano crust to moss crust. The soil fixation amount of moss crust was 1.4 times higher than
that of cyano crust. At the same developmental stage, the soil fixation amount of biocrusts on aeolian sandy soil was
significantly (F=30.74, P<0.003) higher than that on loessal soil. Furthermore, the soil fixation amount was positively
correlated with the thickness of biocrusts and negatively correlated with the surface roughness. It firstly increased and then
decreased with increasing soil water content.[ Conclusion ] These findings show that biocrusts can significantly retain dustfall
and fix soil due to their root, mycelium, exudates, and pore structures, and these biocrust functions are of great significance for
the aeolian sedimentary process of soil parent material, the pedogenic process of primitive soil, and the primary succession of
dryland ecosystem in the Chinese Loess Plateau. Additionally, this study demonstrates the important effects of biocrusts on the
formation of aeolian soil parent material, and their key influencing factors are surface roughness, developmental stages, and
water content of biocrusts. Therefore, it is essential to pay attention to the biocrust effects on dust retention and soil fixation in
arid and semiarid climate regions.

Key words: Dustfall; Soil parent material; Wind speed; Surface roughness; Loess Plateau
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Table 1 General characteristics of the soil and biocrusts

MR RE B 4 56 45 R R AE iz ki Fhkr
AR
Developmental stages  Crust coverage Crust thickness  Bulk density Sand Silt Clay
Soil type
of biocrusts 1% /mm / (grem™) 1% /% 1%
b nadd — — 1.66+0.04a 95.79+0.50a 4.19+0.26b 0.02+0.01¢
Kb+ )
LG Ky 87.849.9a 7.76+1.32d 1.5240.02ab  85.33+4.27bc  14.54+2.19a 0.13+0.10c
Aeolian
TR A4 84.5+7.9a 10.03+0.71¢ 1.56+0.02ab  89.27+8.04ab  10.52+4.07ab 0.21£0.10¢
sandy soil
#ELE 70.8+10.6b 14.07+2.75a 1.46+0.13b  90.11+8.99ab 9.26+4.53ab 0.63+0.06¢
T4 — — 1.44+0.03b  84.34+1.76bcd  4.15+1.14b 11.51+0.53b
Dk WA 64.3+16.0b 8.78+1.15d 1.28+0.01¢c 78.54+0.64cd 7.22+0.62ab  14.24+0.60a
Loessal soil TR A4 82.3£6.8a 12.89+1.75b 1.34+0.15¢ 75.31+2.84d 11.17+1.58ab  13.52+0.32a
wELE 53.2+13.0c 13.00=1.62b 1.28+0.06¢ 81.59+1.08bcd  3.55+1.15b 14.86+1.22a

e FSUARING bR RR A R LB A T B B i) A W) 45 B ) 22 53 . 2% ( P<0.05 ),

Note: Different lowercase letters in the

same column indicate significant ( P<0.05 ) differences among bare soil and biocrusts in various developmental stages across two soil types.
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[/l ki4% Grain size of dustfall %2k High dustfall amount  fikF#212 4 Low dustfall amount
——0.05~0.06 --&--0.04~0.05  —o— #EZ5K7 Cyano crust —a— 25 H7 Cyano crust
—4—0.03~0.04 --&--<0.03 —o— {45 2 Mixed crust —e— iR E25 7 Mixed crust
—— 8§45 17 Moss crust —a— #2572 Moss curst
2000 a) 2000 350 o
T of oF 300}
Lo 24
& 200}
S 6000 ~6000
2 8000 8000} 150F
2 10000 ~10000+ 100 -
‘é _12000 1 1 1 1 1 1 1 1 ] 712000 ] 50 1 1 1 1 1 1 1 1 1
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2 _ - 330
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o 200r 240F 240}
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Y
100} 180 ‘_‘M 180
50 1 1 1 1 1 1 1 1 ] 150 1 1 1 1 1 1 1 1 ] 150 1 1 1 1 1 1 1 1 ]
o1 2 3 4 5 6 7 8 9 0o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9

K% Wind speed/(m-s™) Xk Wind speed/(m-s™) Xk Wind speed/(m-s™)

e (a) A (b) 48 (300 tkm>a' ), fif (200 tkm>a') M RIS RN, (c). (d). (e) F1 (f) 43514 0.05~
0.06, 0.04~0.05, 0.03~0.04 f1<0.03 mm M4 T AWML RN B DI E/NT 0 FoRZ4E T Wi,
Note: (a)and( b)are the dustfall retention amount of biocrusts under high ( 300 t-km *-a™' ) and low ( 200 t-km *-a”' ) dustfall amounts.

(c), (d), (e), and ( f) are the dustfall retention amount of biocrusts under 0.05~0.06, 0.04~0.05, 0.03~0.04, and <0.03 mm dustfall,
respectively. The dustfall retention amount below 0 indicates wind erosion.

BT AR FEADRAR LR XU AR 45 B 5 08 je i 24 i
Fig. 1 Dustfall retention amount of biocrusts and bare soil under different dustfall amounts, dustfall grain sizes, and wind speeds
BE<{RIESS B <BELN B AHBCT WL KL, MR %%Bbtﬂf}juﬂﬂfﬂﬁ (% 2). MRFEAREHKES 1~

BELE AN AR T T 3.6%~42.4%,
AR | BRI AR LA BRGE T AR W 48 Be 34

4ms B,
A 19.5.,

o TR A2 B FBE LS By () S A8 ik
19.6 #120.1 tkm>a'; WHEFEZE

x2 TRBELE. BoNEURNETEYE R HE

Table 2 Erosion reduction of biocrusts under different dustfall amounts, grain sizes, and wind speeds

by (2400 TR e A SEHp it Average erosion reduction / (tkmZa™)
Dustfall amount Grain size of Wind speed gk R4 #ELh
/ (tkm?a™t) dustfall /mm / (ms™) Cyano crust Mixed crust Moss crust
1~4 24.9+10.1Bbc 23.4+13.2Bb 24.6+8.0Bbc
0.05~0.06
5~8 4624.9+37.9Aa 4624.4+759Aa 4649.8+41.6Aa
1~4 40.3+4.8abc 41.6+7.9Bab 42.5+7.3Babc
0.04~0.05
5~8 4593.3+21.3Aa 4602.0+21.7Aa 4609.8+11.8Aa
200
1~4 4.9+3.8Bc 5.4+5.3Bb 6.3+6.4Bc
0.03~0.04
5~8 4070.4+12.5Aa 4071.2+13.8Aa 4072.5+8.4Aa
1~4 7.8£10.5Bc 8.0+6.2Bb 6.8+12.8Bc
<0.03
5~8 4007.6+6.7Aa 4007.9+19.0Aa 4010.3+11.0Aa
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[ [zl i 42 IR ¥ Average erosion reduction / (tkm*-a™')
Dustfall amount Grain size of Wind speed Wk TRHA 45 HELE
/ (tkm?a™t) dustfall /mm /(ms™) Cyano crust Mixed crust Moss crust
1~4 52.7+14.4Bab 55.3+15.0Ba 54.7+17.2Bab
0.05~0.06
5~8 5009.2+101.5Aa 5113.3+46.6Aa 5130.6+£27.5Aa
1~4 21.8+10.5Bc 22.0+15.4Bb 17.7£10.5Bc
0.04~0.05
5~8 4815.9+43.8Aa 4831.0+36.1Aa 4844.7+30.0Aa
300
1~4 22.6+14.5Bc 25.6+9.7Bb 23.2+14.5Bc
0.03~0.04
5~8 4696.0+31.5Aa 4719.4+18.3Aa 4722.1+19.8Aa
1~4 70.8+8.1Ba 67.5+19.1Ba 80.0+9.9Ba
<0.03
5~8 4869.6+19.4Aa 4863.9+22.7Aa 4874.9+20.0Aa

He FIBUR TR KRG R s A A 2R i R, AN [ o 2 A28 AR DR T L % ok ol i [R] 25 5% B 3% ( P<0.05 ). [AI 3R [l /NG 7B 3R
AR R RGER Y B P, AS TR R 2B i AR 2 428 B s ol o ) 22 57 8. 3% ( P<0.05 ), Note: Different uppercase letters in the same column indicate

significant ( P<0.05 ) differences among erosion reduction of different dustfall grain sizes and wind speeds under the same amount of dustfall.

Different lowercase letters in the same column indicate significant ( P<0.05 ) differences among erosion reduction of different amounts and

grain sizes of dustfall at the same wind speed.

5~8 mes W, A AT AR R 4324.1,
4326.4 1 4335.6 tkm >a ' EfEAR R HXE N 1~4
mes I, PEEE R . TR 2 HOREE LY B (- ek
39K 42.0,42.6 Fi1 43.9 tkm >a 'y KE TF & 2 5~
8 mes ' A, AH N AYSF R U ol R G Kl 48477, 4881.9
1 4892.7 tkm *a™'c UbAh, HTAW4s B RITCLE K
A 20 2 f 24y Bl XU T e I R AT, O L JC 4% B gl 2 o
Wi RS ) AR i A L2 P R R, R A 4 R 1
I o i XU B AT 2 B o X S R A [T
A W8 Rz ok N [ A4 e 24 A i ok et 22 () 7 7 o 25
S Hih, R 5~8 mes RIS X 0.05~
0.06 mm [ A2 A 980 il it i ey, SR LARIAR R 2R Y 1.1
5~ 1.2 15 . AW 45 e il i i iR B 245 1 % B B B
FHMEA, RISEGs e <R A= 45 fr <#e 2 iz . AR A5
T, FHECTHEGE R MR A S5 K, BELE B ik i A
ERTET 28.6%F1 18.5%.,

2.1.2  FEMAEYSE AR R R A=W 4 B Y
ghyb B BE S KRN T, ELIG 0 Bl XU 4R T
B CE 2), AXTEKEEH 0 3 & 80%)5 , Xk 5~
8 ms PN BT 4.9% . 53.1%. 59.6%
F 72.3%. AEWEE B R A 2 i BE AR G B 7K 28 03
W25 KRB BB sE e, b R e s e 03 I A
K, BAEGRIRZ, 4R EAR. HXTEKERH 0

B 80% 5, NIRRT B 45 R 1 7 5 3 N
121.2%, RA:45 K Jy 14.9%, BEL5 K 7.2%. AL,
MR AR 0 3 2 20%0), HE4h g i A
e, HEIRIR 2.3 1%,

A= Wk B 1R AN 24 B I e SRR B 3 KT 2 T, 7E
ZARRARIAR B RGH AL G T R B B K (£ 3 ),
=MEBRBAEYA T, BEAE R A R b
FEHURS B 3 iR B K, TRAESS Bk 2, #ESh F ik
AHIE 0 N SRS BEAR L, s MRS B 0 = Fh A=
g5 e L w o R T 1.0%~28.5% . 0.4%~
4.3%F 0.4%~4.1%, FFARARMFER, 5~8 ms'
R T 94 2 i B L ERRRE B R IR R T 1~ 4
ms ' KUk, HiREE 11.0 5.

22 EWERRELIA
221 AEEE OB A4 B i [ 4 Fn i 1R

D - R A7 A A 4 B [ A i Y RS R
H BB TR (B 3), Horr gl iz i [ 4
fi%, R M4+ Eah 10.05 fi 8.15
kgm . MEHEL R LB NEART, Wb REds 1
TR ARS8 i 8 A 2] 11.55 Fl 8.33 kgm 2, AHE:
FEEERARTE T 14.9%H1 2.2% ., KD + I 45 + BE 45
Fe B[ A E] 14.20 Fl 11.24 kgm 2, EHE45 )
L4 % 25 1 KB W BOAH TR, XD 25 52 19 [ £
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amount of biocrusts at wind speeds of 5, 6, 7, and 8 m's .

1

=)

FAXT% 7K 3R Relative water content/%

B2 ANTRIARXE 5 K R AR 25 Bz ) A

Fig. 2 Dustfall retention amount of biocrusts under different relative water contents

£33 REH1~8ms AR RERE TENERHALE

Table 3 Dustfall retention amount of biocrusts with different surface roughness at a wind speed of 1~8 m's™'

~4#, Note: a), b), ¢), and d ) stand for the dustfall retention

HWEs B R B B

Developmental stages

Z42h 4 Dustfall retention amount / ( t-km2-a™')

[(i3ahe e AR
IR B2 25 e
Grain size of Wind speed

Biocrusts with low

HHORL R B2 45 K

oG R P2 405 Bz

Biocrusts with medium  Biocrusts with high surface

of biocrusts dustfall /mm / (ms™)
surface roughness surface roughness roughness
1~4 286.2+2.0b 290.5+2.8ab 293.7+2.4a
0.05~0.06
5~8 130.3£87.9a 152.6+76.3a 167.4+71.6a
1~4 292.3+2.6a 294.4+1.3a 295.7+2.4a
0.04~0.05
BELE 5~8 231.8+34.4a 239.8+29.3a 247.8+24.1a
Cyano crust 1~4 289.1+1.6b 293.6+3.2ab 294.8+2.9a
0.03~0.04
5~8 250.5+25.9b 253.5+24.3ab 260.3+17.8a
1~4 292.5£1.8b 293.9+0.4ab 296.0+1.2a
<0.03
5~8 278.6+6.9a 280.3+6.9a 281.3+6.3a
TRLE S 1~4 292.6+3.6a 293.1+3.6a 294.5+2.8a
0.05~0.06
Mixed crust 5~8 248.8+£32.4b 256.1£25.9ab 259.6+23.8a
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1618 ®ox 4Rk 60 &
#4<H Dustfall retention amount / ( tkm*a™')
A48 B R B [ R A
o _ RORLRE BE 45 PR R B 25 1 e LR 25
Developmental stages  Grain size of Wind speed
. B Biocrusts with low Biocrusts with medium  Biocrusts with high surface
of biocrusts dustfall /mm / (ms™)
surface roughness surface roughness roughness
1~4 294.0+2.3a 294.9+1.8a 296.1+0.6a
0.04~0.05
5~8 252.8424.4a 254.9422 4a 259.5+22.2a
TRA45) 1~4 294.5+3.3a 295.842.2a 296.7+1.8a
0.03~0.04
Mixed crust 5~8 277.0+8.4b 280.8+6.4ab 284.6+7.3a
1~4 293.7+1.1a 293.9+1.0a 295.5+1.1a
<0.03
5~8 275.3+7.9¢ 282.4+5.3b 284.4+4.0a
1~4 289.6+3.3a 292.842.0a 294.0+2.2a
0.05~0.06
5~8 271.6+13.4a 274.0+13.9a 277.8+11.3a
1~4 289.1+6.8a 290.3+6.2a 290.3+4.9a
0.04~0.05
BELE 5~8 262.8+15.4b 268.3+14.1ab 273.5£10.2a
Moss crust 1~4 291.0+3.7a 293.6+2.7a 295.8+2.1a
0.03~0.04
5~8 280.0+0.9b 283.242.3ab 284.8+2.1a
1~4 292.1+4.1a 294.9+2.7a 296.8+1.3a
<0.03
5~8 282.5+5.1b 284.843.5ab 288.9+1.5a

T MRZSEIOIE. P TRLBEEE AN 11%~15%. 15%~19%. 19%~23%; R4 R MM, . FOHAEEE S 3 9%~ 11%.
11%~13%. 13%~15%; BELEL ARG, P BHREIE TN 6%~9%. 9%~12%. 12%~15%. [RFTARIA/NG FhEF R A R A
I %) A= W 45 Bz 1) 22 53 . 3% ( P<0.05 ), Note: The low, medium and high surface roughness of cyano crust were 11%~15%, 15%~19%,

and 19%~23%. The low, medium and high surface roughness of mixed crust were 9%~ 11%, 11%~13%, and 13%~15%. The low, medium

and high surface roughness of mixed crust were 6%~9%, 9%~12%, and 12%~15%. The different lowercase letters in the same row

indicate significant ( P<0.05 ) differences among different surface roughness of biocrusts.

R TN 45K (F=30.74, P<0.003), 3
T & B B B XD 1 285 B 1 [ 0 01 R v 4 4
By 1.2 4%, 145 1.3 £%5.

D A RS AR A W 4 e 1 [ 1 3R R IR
A G e <R B <8R4 e o T KD TR AR 2 R T -
RN 11.29 gg ', L, B LE L R RN
12.61 Fll 14.16 g-g ', MIFLIRAZS R BT T 0.12
M025gg!"; B HIRAESKE %K 6.80 gg!,
T P 4% Fz FN&E2E Bz 1) [#) + % 8.55 A1 10.55 gg ',
A HCIR AR 45 K2 4y IR TE T 0.26 1 0.55 g ' 244k %
KB B BRI, KD 445 i 5 4 R T
WU A5, 3 PR E W BT B 25 B i [ RSy
WM EA L AE R 15, 175 1.3 4%,
2.2.2 ARG R RN &R = 4

4 [+ i B 2 B 2R EE R v e (B 4). K
AL E R EAERE N 14.6 mm B E
(15.74 kgm?), JERARRE + A 1.7 5. #&4 4
W4k K i 1 LR AR R R 14.8 mm Ay (11.75
kgm?), BERMKE LR 1765, 424552 EEH
R, RS A S R 1R Y T R A A
B, Beiik 1.6 4. AEWAS K2 04 [ i Bl i SRR
it E AR TE 08N o IRV A A M 4 B 1 i R R
6.5%F1 17.8%IF, [ 4 54351 M f #5( 15.58 kg'm *)
A (9.22 kg'm ?); B4 1 A W45 iz s F MRS i
N 42%F1 10.5%0F, [ 45 o (11.3
kgm?) FIRAE (7.77 kgm ). 24 4 FE MRS B AH T
BF, XD = AR 25 By 1 ] 4 i3 A -

FEik 1.9 5.
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. ANR/NG FRRR AR SR AL T W B i 4 iy 8] 22 % B3 (P<0.05). Note: Different lowercase letters indicate

significant ( P<0.05) differences among biocrusts in various developmental stages across two soil types.
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Fig.3 Amount (a) andrate (b) of soil fixation of biocrusts at different developmental stages

o b+ W45 K7 Biocrusts on aeolian sandy soil
_ o B+ Y45 R Biocrusts on loessal soil
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Fig. 4 Soil fixation amount of biocrusts with different surface thickness (a) and roughness (b )

A= W04 e v T B BE KRR ISR T AT
R BRI (LS ). D A 4 K 1) [ 4 4
TEETKFN 0.5% M e ik (10.07 kgm™2), KRN
3. 7% it e, ORI RS T 61.1%.
A A A B R R SOK RN 1.5% 0 X
(7.12 kgm™), FIKFEHR 0.9%I [ + 5 5,
IR -8 T 7.4%.

Fe i

P 4 RIS ITEE SRR, KD A s B i 1
-t 5 M FRAERE B R AR D A OC R (7=0.460,
P<0.01 ), 545K ZEERRDEEMLEXR
(r=0.652, P<0.01), #4%LAY)EE L+ 5 5%
HURS B 52 8 T C e R (7=-0.465, P<0.05), 5
4 K JR IR RE A 2 TE A DG e R(1=0.779, P<0.01 ),
HEKFOERERHHILCKER (r=0.361, P<0.05),
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Fig. 5 Soil fixation amount of biocrusts under different water contents
T4 EVMEENELESKEMERMEXREER
Table 4 Correlation coefficients among soil fixation amount, surface roughness, thickness and water content of biocrusts
£ it H LB GEIZRE SRR
Soil fixation Surface Thickness of Water content of
Type Variable
amount roughness biocrusts biocrusts
[i] 4~ 3 1.000 —0.460" 0.652" 0.128
R ALY E
i FHURE BE — 1.000 -0.524" -0.390"
Biocrusts on aeolian
S5 R — — 1.000 0.147
sandy soil
SRR — — — 1.000
[i5] A 1.000 -0.465" 0.779" -0.361"
W AP
b MR — 1.000 —0.173 0.084
Biocrusts on loessal )
G5 1 2R — — 1.000 -0.076
soil
B REKE — — — 1.000

HE R0y R R TR A 2 R BUFE 0.05,0.01 /K- 53 o Note: * and ** indicate that the correlation coefficients are significant at the 0.05

and 0.01 probability levels, respectively.
3 1w’

3.1 AEYERMMENE S

AW R, s A K B B R
RN, e SR R R A RN, AR
FHR BERE S B B B B s B e ot . AR g oAk
ARG AR ) e, HR 0N —
B RTEPON H A Wk e WFRE BRI B B e I
5i#5/0 . Danin PSRRI, KIPHEE ALY
g5 K B PR TR A Bosi Ve, ELVE FH R B
HAERAFRZIEMG; ZMEEPEH, YEss

45 B W9k RE AR IR S b i > 8T e [ 7 7D £
AR 5 AT TRt — 20 B 1 AR 4G B X R
BRRRBUWE . AT L, A4 B Al R R0 2% T
U IR F) 2 TR R0 DAY O RAY S o B 0 Bz 3 T HELRS B2 50K
R AR Sl A RO D e 2R fy i gy SRR 3L T B
OB I ) A s Bun L L W PRI bl s
i R 2 2 g ik— e RIE 2578 1, NI 1A%
RN CIFRREsH  JRIE RS gk
LEHSE ), Hr R 2Ry R A a] . AL, BEASEER
TEL R DA 0 ) 5 ol 528 48 AR R /DB 48 LB 45 o J e 2
AR E . BT AT, BELE R
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