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Effect of biological crust cover on soil saturated hydraulic conductivity under

freeze-thaw conditions
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Abstract: Biological crust is a kind of ground cover which distributes widely. Due to their special physiological
mechanisms, algae and moss can thrive and grow under the extreme cold and low light conditions so as form crusts.
Biological crust (BSC) exists in various types of climatic region, soil and vegetation, the type of crust reflects the local
water conditions and soil nutrient status, meanwhile, the formation of biological crust has an important influence on the
occurrence and development of soil, hydrology and erosion processes, affects the physical and chemical properties of the
soil, which manifests as the degree of influence of different types of crusts. However, the effect of biological crusts on soil
infiltration is still controversial, on the one hand, biological crusts increase the roughness of the soil surface and
correspondingly extend the retention time of water on the soil surface, which is not conducive to water infiltration, on the
other hand, biological crusts improve soil structure and create water flow channels that are conducive to water infiltration. In
this study, we used indoor simulation experiments, took the cyanobacteria crust-covered soil as research object to study the
response characteristics of three relatives of soil under different freeze-thaw cycles and initial water contents, then

quantitatively analyzed the trend and change point of the saturated hydraulic conductivity of crust-covered soil (Ks). The
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results show that the initial water content has no significant effect on Ks (P>0.05), and the number of freeze-thaw
alternation has a very significant effect on Ks ( P<0.01). The average Ks of bare soil under freeze-thaw conditions is 1.941
mm/min, the average Ks of crust-covered soil is 0.325 mm/min, and there is a very significant difference between them
(P<0.01). With the increase of the number of alternation, the difference of Ks gradually increase, the Ks of bare soil
reaches a maximum of 10.13 times of crust soil at 10 times. The Ks of crust soil under different initial water contents is
approaching a similar level after 10—20 freeze-thaw alternations, with an average value of 0.219 mm/min. The effects of
freezing and thawing significantly change the soil structure, especially after 7 times, and the soil particles lower than 0.1
mm, changing significantly. Under the experiment conditions, the degree of influence of Ks by the factors is as follows:
number of freeze-thaw cycles> soil structure> crust thickness> crust bulk density> lower soil bulk density> initial freeze-
thaw water content. The interactive effects of freeze-thaw cycles and crust thickness, crust bulk density, and the initial

water content have the significant impact on Ks.

Key Words: biological crust; saturated hydraulic conductivity; freeze-thaw alternation; soil structure
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FORAS . BRSO AE 3 FP A /N B ( Phormidium tenue ) | EL¥5 138 % ( Microcoleus vaginatus ) A1 JTCHE A i
( Scytonema javanicum) . HoFRIEHBLLFEFEE AL 5 B 3% (Salsola collina Pall.) ,/NEEL ( Conyza canadensis) , 4
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Table 1 Physical and chemical properties of biological crust soil

TR R AP & R Hig5

Soil depth Bulk density/ (g/cm®) Organic matter/ ( g/kg) Total N/ (mg/kg) Soil shear strength/ ( kg/cm?)
4512 Crust layer 1.305 12.6+0.15 0.327+0.020 0.662+0.140

0—>5 cm 1.520 7.10+0.37 0.185+0.009 0.352+0.056

1.2.2 Bk
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Table 2 Generalized structural index of crust soil under different initial water content and freeze-thaw alternation times

Wt K VR AS R RE Freeze-thaw alternation times

Water content/ % 1 3 5 7 10 15 20
4% 76.381 82.057 84.348 90.734 " 95.950 ** 97.716 " 98.436""
6% 76.806 88.282 93.566 * 93.825" 95.332"" 97.865 " 98.538 "
8% 89.621 87.746 85.636 94.110" 96.470 " 98.788 ** 97.358 "
15% 96.737 " 98.467 " 98.342"" 98.769 ** 98.713 " 08.848 " 99.286 "
#1: Bare soil 68.387

RUREEY S+ CK

Unfreeze-thaw biological 75.040

crust soil

w il w43 IFR/RTE 0.05 F10.01 K i 3%

RIS PR 30 bR S K AR S B R BT 1 IS5 MR BN 26 2 Iiom , & S K R 4R, R 7 IR
R LR S CK A BE 2SR AT, 15% & /K EAEZ 1t 20 YR G GSSI 1T T45H I H
5 CK AH2E 24.25, W3 W0AH 5 M BY FUEAH 22 0.761, PRk, VRES B b id 35 K & 5 R il g 8 i L [R) 4 FH
S AR LY A el SR A (o SRS O TR 7 R A A ot 3 IR
HEEARURSS WS KRB MK D S M & EL IR e Ak 55 A1, 0K [R] (4 3% 45 0 % ri Wz oFE 2 A W 54 | R ARG A 5%
TAOKRatE  BURIRE R R & ARl Ks S8 AR, 10 YA A R4S R T SR A OR824 16 3T B (B, S3K K
552 R WA,

2.3 2 5 A HERIAR A A R R Rl S R 1R )

T BN K FR A7 T IEAS R FE A T b A R A T AR ORL B R/ S s [ HES ) 2, R 3
B p A IR ZH A, PR e e B S R AR T R R R A AR IR S AR N AR A R . AR TRL K K
S R SE B A AR AR A3 A R R Rl B M S AN 3 T, 4 R S T A R T A G fE R AT R R O 250y
M & PR, ASTRRES 25140 T B R Bl vk 802 Ak, 38 v A 2 AP 47 (0.05—0.1 mm) ( P<0.01) , 40857 (0.1—0.25
mm) FIFPEPRE (0.25—0.5 mm) (P<0.05) 22 5 5 35 | M H R AR 0k 0 1 25481k, AFR 3R W, 338 ly A 3 45
R A R kB R R R PR R R S W K AR Koy A R ZE AR A LR AT 25 R
HEABPERERRAR ', REL AT, A KR A - HEAE RS <0.1 mm A9 R ES CK (49.27% ) 34945 38600,
JCILAE VR 3 YR 10 YK BA 8, I s X6 7 9 0 R S KSR A AR, Rl B o, R AR AR AS R RS 22 () AH B %
b, RIGURE AR itk /INJIURE S B0 [ A B2 R B e ) SR A Sk R i S WA AE P, FE MR R) 35O 43 W 6 W,
Tl A JOSS K 15 (P<0.01) X 38R A8 43 A3 5% 0 5 TR Al 8 (P>0.05)

T Ganiyu Z2 NMIBFFTRIS | 8B SMEARIE, FRIOIR L /NS 57 A0 0 A0 L B 42 17 1, -
FEILHARHUI A JUATIE AR, 50 I8 BEIE BE A o 2 i) 3R 25 R A, 1638 3K etk . AR S0F T, -0
KL TEAEEL(D,)) WSS KRBT (B] 4)  FRASSE UOBCR VR R W) 4R & /K i 28, D, JE i 25 22 5 R VRl + 381 D,
M 2.593 s FERA 7 YR, VRAASHEE XA R S K BT LT bR A 25 98 1 — 25, (B R mil A FH G 0k LA iy
TERIRZMATE 8% T /K i T LRI ZY , 5 /K B PR AR 3 LD R AR F e B sk 2D . K i 15% 0, VRl 7 5
O3 T AR BB R Rl R B i AR A K RN R A S R e, ORI S K MR BT, AR S R BB K
SRR ISR KIS R AR ITAE 8% Wik B KAE R 0.139, A Ks 8 R W, VRl T X R AR 7
0.05—0.5 mm [B] YR A —E &M, <0.1 mm ) W0k FE 7R Rk 3 AN 10 IRES A B2 284k (P<0.05) M4k T
BERAA, MR oK AR PR, VR et A P A7 30 o 4 ik VB P o ) - Sl R s FLR RS Wl 25 R AG,
G2 ] = 9 ) = A LA, O A B A
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Fig.3 Algae crust soil particle size distribution under different freeze-thaw cycles
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JZ AT SRR AR S K& 7 UVRR S BT 25 I AL T 2 B2 - 3 1E, BE AR AU R 2 B b T
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FIF KR IR (B SCRRE BEA T 25 5%, LOah SR E 5 Ks B2 IEARSCIE,

%3 FREFRIAEKET TEEMSAE(K) SHEBEHRE(0) WEXFR

Table 3 Fitting relationship between soil saturated hydraulic conductivity ( Ks) and freeze-thaw alternation times (n) under different initial

moisture content of freezing and thawing

Gk M1 F:7K 3 Saturated hydraulic conductivity/ ( mm/min)
Moisture content/ % B = 7 1% Regression equation R? P
4 K, = 0.406e 17" +0.218 0.74 <0.01
6 K, = 1.797¢7%0" — 1.281 0.34 <0.05
8 K, = 2.158¢7 1% +0.192 0.88 <0.01
15 K, = 0.303¢7%682" 1+ 0,222 0.55 <0.01

F*4 BEFERZEEAMMEMEKR(K) HMEBEES T
Table 4 The significance analysis of interactions between factors on Ks

L HAEH R EYE T Significance analysis of interaction

g T _— gk _

- EHO AT K SR L R TRELET
Initial water content Soil bulk density of crusts Thickness of crusts Bulk density of subsoil

77'23 R Ve H

RS P<0.05 P=0.013 P=0.038 —

Freeze-thaw alternation times
FIERAIG K

Initial water content

3 it
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