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Fig.l1 Curves of soil swelling height with precipitation in
the sand-fixing vegetation area at different development

times under the action of biocrusts
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Fig.2 Influence in mean soil swelling height of biocrusts in

the sand-fixing vegetation area at different development times
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Fig.3 Linear fitting between soil swelling height and precipitation
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Fig.5 Redundant analysis of factors affecting soil swelling

N, = 38 v nT W K R K B4 R R ARG, R
JZ )RR K . g Bl AR B 2 ] A 3 %
AETEIN , TS R 4G KA T A R B S 4 B 1 & B
[0, IR A i, IR KRR T 85, 10
% i g ) A T b A B 8 25 45 B o iX 5 Kidron
SV TF AR S5 R KB R]

SR 3 A B R K AR AR 4K 34
By B« PR R P B B L 208 I T B B L R T AR R B
BBV AE D e e B B, R K e B I K AR A Y
M 7 58 AU o S M T v R %) 388 in A PR I K
Bri i, 1 X PR g ) 2R PR TRV IX
AERE TR SRR HAE Th e 5 28, A= W 45 B2 W R K Ry
THURG . AR RS YD TR X, Ml e e A Ak 1 SRR
L WSS AT — R R A RORAS o S5 RT3
mm DL T # B K 55k a3 K RE )
JC S [R] B A A 4 B e ) 28 SR AR T IR S
TG 25 A A FLBR RS, 4 K 4 g A
B AES mm DL ERREK SR K R
THRAE e ZARAFTE 1.400 mm 15 LAY .

3.2 EYEEFWTRIDX T EFKE T s LR

TR XA LS BUE R + 5 £ 505
50 w3 S o VA A S e o S VY O e
PESR , F AR SR Jovk AE R L 254, R i
s SRR A RE ) BEE B S A3 g £
Th, AR A R AR Al R B RE,
PR PRAEPEBE SR , HAT B i) LSk A 1R A=)
SEEE T RO X AE S R G AUy, IR
R4 5 B A 0 4 B D R T £ 38 T A R
TER T 64 4T A W4l B -3 v, ok 3 A0 3 i nl

DLBA 3 m L  p I K PR RE o [l AR W 4 e 7
LNV RIN) P SERY/IDONE 2 S e PN e R L]
Yy ks 1 b M A0 2H ORI A5 R, i e A - SR
MRE ST o Toledo 55 ** HYBIFFE W] , L SAT HLAK 75 &
v, BRI K 1 RE B, A W4k Bz nl LA B
T AT WL AR B0 R, DT 0 - S8 R ik Y fiE
J1o WHELHIX AN T E VAR T 64 4F (97
I R Ak A R AR AR N, R
(4 73 A PR AL Bk 1A 23 S /N o A LIS, 3
AT BILR B9 R B A A

TR S PR TR SRR,
Na' K& B I, R MBI AN [R] 3
B B R s KA R R E A I K25 R HER 7
TEZE 5t , N PR FT A= W 45 Bz - 3 v BH B 7 B0
1 R PR R O NI SN | | o S
b GELBEAR AL AR ARSI RS R RN SR
o 2 SR K A RE T o 39 T MUK I A B o 2
IV 23 AR B S 205 2 ) AR Wy i ) I S PSR AR 28 Y
A Ta] Y 382 R A i B2 U E AN ) 0 S — T
1T, 4Bk CO, K- 1 T 2 B B R A LS S
ARS8, - S oA BILIST A 38 el LA B v SRR K 1)
RE Sy e

A VDI AR AR R
PR AR o v LAY JE R 2 B2 A ) 45 B2 W K Y
WAL R, T SRR B % A K R WA fE P 2 s 2 A
Y2 Ke BLAE A Al AR K [ E PSR A A7 2 7 0
S rR ORI AL A5 R A7 AR — R BRI, E—E
T JEE b 23 DAOR X o SR K i B2 i e K R 972 A G
F, IR VD SR - RS K 3 2 ) 5 R 4 I 1A P A
WFFETT I o AT SR i fe b B I8 T
B K g JEE RS A KR B WE R, O R 7 T K 5 R
AIRZIR o 1A [R] Y R 7K 58 B8 26 A T, 5 M A= W) 405 1
e I S T e K R B4 o AL A L T RE 2 A AR

A
33 HEWMERSNTREIRTEEKNESFEX

TR Ikt S RIS RE R & L
AR PE SR PEAR DG . v 35 A e e 2 R A i
JI A 286 - ORI I 2K, 7 MR i, A
ARACH L, A B A S B AR PRI . TR
DX A 8 g 2 72 A 23 W B R0 X R R
M AL, Dt A 14 ARSI AE ) A
PO R RO SR I - S UL 2 (7]



34 h B o5 43 %
MIFLBR B R, TP A F4 IK 425 e 1 4 (5] Tz, B XA, 5 8 L3 X L 3R ik X R it 52
WIS 0 e 7510 KRR F 8 R 1[;11; ﬁﬁ;’“ﬁ? 20056 ’/;931-37\%/\%?5&&/%

Bz R L. fdE T 4 4H ZRLGCS &, b, 5 B IR K s M P
f#jﬁi{é{ﬁ;{fgiﬁ%%%ﬁﬂﬁgf7kﬁlﬁ$ FPEL] A TR, 2008(5) :34-36.
PO, TIFORER A DB RTRIEIEN  (7) pipm s, b e, 5 . 000500 00 KATRED
VR, 38 A JH 4 P 52 e 3 B 338 vh oK o i 150 IE FE00) AR 2005 (BT 1) :46-49.
(V1] 2 B T A 0 D o R ML O S B (8] oSt TR Ac b L KA E IR 52 [ D ). pe
IR A E-Rs ] Wit : THILRARBLE 2, 2008,
ﬁ:%éﬁ ?Z l][ﬁj i%ﬂ%ﬂ&%i%éﬁﬁkﬁﬁﬁ: [9]  Stell E, Guev.ar.a M, 'Vargas .R‘ Soil swelling potential across
e Bl i e A - JR—— Colorado: a digital soil mapping assessment[ J ].Landscape and
SRGIREMEE . Wi IS BLEY) 24 B T Urban Planning,2019,190:103599.
F IR o5 B B K AR AR MR AR EE R A [a0] kg RIS 0 o S B ORS - ST A G T
W4k Bz nl LAAT S5 b A -3, (7K 11 5 8 - Y (7] 2282003 (1) :25-30.
K2 EYSE i a5 K 5 e AT Ll A [10] bR FE A ] T 2 AR A R 5 1) K ARy
Mo HHERHE e 0 B ) SR A A 20193326752 »
VRIS R TEEREE Y AR B T AT D ek [12] Gue.rra A M, Cui YJ ,He Y, et al.. Characterllzatlon of water re-
el T H v <P tention, compressibility and swelling properties of a pellet/pow-
/\é}ﬂ/‘] o s m%%‘%?ﬁ l]ﬁ iiﬁi%ﬁﬁ%ﬂ(ﬁ E/‘Jﬁz der bentonite mixture [J]. Engineering Geology, 2018, 248:
I I X TP XA SRS A R A AR T RE R 14-21.
B KAESEMEEATERAATEED L, [13] LiJS,Xue Q,Wang P,et al.Effect of lead (II) on the mechani-
cal behavior and microstructure development of a Chinese clay
4 _Q_E'L/P: [T].Applied Clay Science,2015,105-106:192-199.
[14]  KFIE . 3 X ERJZE LS MR O 580N B 5E (D 1. B4
5D M 3R 0 SR K AT LA, A WAl A W FiAL AR RHEE 22 2007
W T IEIEARIBOR AT R A E —ERRBEMINEIK,  [15] RIS, Wk, B GO A ot ek S B
T K 125 T i A 7K PR A8 AL R BRSBTS & et J L3 ] v I A 5 ARl 7 4 (P 3ES0) L, 2019, 27 (10)
{2 BB 5 1 0 45 6 ) 5 25 75 i B o | |
. [16] ZHioe, JAge, £50F, % hE TR RS TR 5K
UES: 52 DI U 60 AF T E R ST HE IR LEA [T ], VIS, 2016, 36
A=Wy B T NG N T SR K e A= W 2 (2):247-264.,
PR B ST T LSRR A B, O ELTE AR [07) e, XUAE v 3K, 5 W A SELYD I #0781 10 - 0
W2 Ry 26T - I M R e A G o T HEULR SH AU SERE P TR SR 3] B 524
I I
N e T - - errer s 1ps , fdungate ,etal. rade-o ctween
U‘ W ’ ih%ﬂ%ﬂ&%fﬁ%ﬁ{k%ﬁi@o plant and soil carbon storage under elevated CO, [T].Nature,
TE R — AR IX, A= W45 Bz A R K o B2 MAA) £ B 2021.591(7851) : 599-603.
BB g BEg B i (191 Ao, AU, gk, 45 . oo 505500 15 0 2 0 - 5 e
TUAR A BT 45 0 A A 5 e X R 1K+ S RHIAR, 2018,63(23):2320-2334.
138 % I 1% 5 W R BEE i R B/ IN A S R A M g Rk [20] Z=0ioR, kouil X Fukk AR RS KOO - o i 5
. KB 241 .11-
B SRR S KR B [21] igj;fg ;ﬁfng ;J;;;-‘i;‘l%ﬁziilﬁl@ifﬁ%ﬁfﬁﬁéi
52Tk Py b e B s BE X U SRR L [ ], AR 2524412, 2017,37(18) -
6138-6148.
(1] EEDNS, ¥ ¥, 20, 55 A9 A o Kb - F s 4 4 [22] ZEauf, WA, a5, 45 . BedbK i XU 52 4 DX A W) 25 1 1B
BRI SN LT ).t VB, 2020,40(1) :97-104. LR S R TRELT ], AR TEIREAR, 2014,29(1) :67-79.
(2] B . Ik SRy ik [T ], 12 g e 1 1982(2) [23] Wang L J,Zhang G H, Zhu L J, et al. Biocrust wetting induced
1-12. change in soil surface roughness as influenced by biocrust type,
(3] HBWOIE, Hok A, TRMEAR | 45 . 3R M 1 T e R A 7 I 52 coverage and wetting patterns [J].Geoderma,2017,306:1-9.
WA [T ], P R A A AR K L, 2018(11) - 42-47. [24] ZEgiaE akak il X E Pk, 2 KA S22 WF 50 o 450 h [ Vb X

Foaf . B SR A PR B R S AT (D] B A
U YRR AMRRL K2, 2005,

Ak A T S KA (V] T R B B L 2017, 32(7)
790-797.



5 2 1

B A T RUP XA AS B K A R 35

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Kirby J M, Bernardi A L, Ringrose-Voase A J, et al.Field swell-
ing, shrinking, and water content change in a heavy clay soil
[J].Soil Research,2003,41(5):963-978.

Toledo M P S,Rolim M M, de Lima R P, et al.Strength, swell-
ing and compressibility of unsaturated sugarcane soils[J].Soil
& Tillage Research,2021,212:105072.

Qi Wei, Wang C, Zhang Z Y, et al. Experimental investigation
on the impact of drying-wetting cycles on the shrink-swell be-
havior of Clay Loam in Farmland [J]. Agriculture, 2022, 12
(2):245.

TR TR A IS B A S KOS M e s
SFHE R, 2012:72-92.

AR E Y KA ST A SIRE R A SRR M ] L
a0 RRA R, 2016:502-508.

Kidron G J, Tal S Y.The effect of biocrusts on evaporation from
sand dunes in the Negev Desert[J].Geoderma, 2012, 179-180:
104-112.

HOMSE, BRI, SR P00, 5 B AR b DX PR S A
WEFEL) ] Rl R HRAA, 202009) : 7-11.

TKACHE . B 4 e AN RIS AR B N 408 15Kk g g M
PR D] BEPI RS - RN B BOA WK LA S5 2R S FREE
WL, 2017.

PR BT 2R T, A L P BR XAE WA R )
BB RN ()], A AT, 2012,27(8) : 1316-1326.

[34]

[37]

Kramarenko V V, El-Shinawi A, Matveenko I A, et al. Clay
swelling of Quaternary and Paleogene deposits in the south-
eastern flanks of West Siberian iron ore basin[J].IOP Confer-
ence Series: Earth and Environmental Science, 2016,33(1) :
012041.

EFET LMWL R AF S R AR W E R
)2 BAL 5 W R 1 R R0E [T ] AR 37 5 IR 441, 2021,
27 (9):1592-1602.

Li X R, Hui R, Zhang P, et al.Divergent responses of moss-and
lichen-dominated biocrusts to warming and increased drought
in arid desert regions[ J]. Agricultural and Forest Meteorology,
2021,303:108387.

Bhattacharyya R, Ghosh A, Zhang Y, et al.Land use affects tem-
perature sensitivity of soil organic carbon decomposition in
macroaggregates but not in bulk soils in subtropical Oxisols of
Queensland, Australial J].Soil & Tillage Research, 2020, 198
104566.

Nong X F.Effects of organic content on soil-water characteristic
curve and soil shrinkage[] |.Environmental Geotechnics, 2019,
8(7):442-451.

Chen Y W, Li X R.Spatio-temporal distribution of nests and in-
fluence of ant (Formica cunicularia Lat.) activity on soil prop-
erty and seed bank after revegetation in the Tengger Desert[J].
Arid Land Research and Management,2012,26(4) :365-378.



36 rh W 943 5

Effects of biocrust on soil swelling in arid desert

Jia Hongfei'?, Jia Rongliang', Wu Xiuli’, Zhao Yun', Liu Lichao',
Gao Yanhong', Yang Haotian', Zhang Tian'
(1.Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese
Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3.Yinchuan Zhiwei Microbiology Technology Co., Ltd., Yinchuan 750200, China)

Abstract: Soil swelling affects soil system resistance and resilience by altering soil structure and hydrological
processes. Biocrusts are important ecosystem engineers on the surface of arid sandy areas, which can accelerate
soil formation and change soil physicochemical properties. But how the formation and development of biocrusts
affect soil swelling is unclear. Our study use the method of spatial sampling instead of biocrusts' development
time. Experiments were carried out on the biocrusts developed under the sand-fixing vegetation of different ages
on the southern edge of the Tengger Desert. The sequence of the formation and succession of biocrusts was con-
structed (64, 39, 33 years and mobile sand dunes (0 years), the method of simulating precipitation (0, 1, 3,
5, 10 mm) was used to measure the biocrusts (cyanobacteria, algal-lichen mixed crust, Bryum argenteum, Did-
ymodon vinealis, and Syntrichia caninervis) Variation in swell height under different precipitation conditions.
The sequence of biocrust formation and succession was constructed to elucidate the expansion changes of bio-
crusts in five succession stages at different developmental times under different precipitation conditions. The re-
sults showed that: (1) the formation of biocrusts increased the soil swelling height, and the average swelling
height of the soil after crusting was 94 times that of quicksand, with an average of 0.939 mm. (2) the biocrusts
and the succession stages of the biocrusts were both With the increase of its developmental age, the soil swelling
height increased significantly (P<0.05), which was mainly reflected in two aspects. Among them, D. vinealis
are the most significant. The same crust is in different vegetation areas. With the increase of vegetation age, the
effect of increasing the expansion of biocrusts after 39 years of development is the most significant, and the in-
crease of algal-lichen mixed crusts is the most significant. (P<0.05). (3) The increase of precipitation significant-
ly increased the swelling height of soil under the cover of biocrusts (P<0.05). The biocrusts (moss crusts) in the
high succession stage were most sensitive to precipitation, especially within 3 mm. (4) Redundancy analysis
showed that the biocrust succession stage was the most critical factor for soil swelling in arid sandy regions
(RDA 1: 88.21%, RDA 2: 6.49%). Our study revealed the changing trend of soil swelling under different suc-
cessional stages of biological crusts and their developmental years, and explored the ways that biocrusts affect
ecosystems by affecting soil swelling. It provides an important reference for a comprehensive understanding of
the function of biocrusts to play an ecosystem.

Key words: soil swelling; biocrust; biocrust succession; Tengger Desert



