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Effects of biological soil crusts on soil permeability of croplands in wind—water erosion crisscross region of
Loess Plateau

JING Haimeng"?, ZHAO Yunge™*, LIU Shuyan"?, TANTAI Yu"?, ZHOU Nan"?, QIAO Yu"?

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of Soil
Erosion and Dryland Agriculture on the Loess Plateau, Institute of Soil and Water Conservation, Northwest A&F University, Yangling,
712100, China; 3. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling
712100, China)

Abstract: To determine the distribution of hiological soil crusts (biocrusts) and their influence on soil permeability in croplands in the
wind—water erosion crisscross region of Loess Plateau, the natural biocrusts in the croplands (corn) soil were investigated. First, the
coverage and composition of biocrusts in croplands soil in this region were investigated. Subsequently, soil water infiltration parameters
were measured using ring knife and double ring methods, respectively, and lastly, the influence of cyanobacteria and moss crusts on soil
permeability was studied. The results showed that biocrusts are widely distributed in both irrigated and dry croplands in wind—water erosion

crisscross region, and the average coverage is approximately 42.11%, of which cyanobacteria and moss crusts respectively account for
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33.74% and 8.37%. Biocrust significantly decreased the saturated hydraulic conductivity of croplands soil compared with that of bare soil.

Compared with bare soil, the saturated hydraulic conductivity of 0=5 cm soil layer covered with moss and cyanobacteria crusts decreased

by 55.14%, and 23.54%, respectively. Compared with bare soil, moss crusts significantly reduced the stable infiltration rate, initial

infiltration rate, and cumulative infiltration amount of soil by 51.11%, 47.71%, and 46.50%, respectively. Cyanobacteria crusts reduced the

stable infiltration rate, initial infiltration rate, and cumulative infiltration amount by 25.56%, 21.10%, and 20.91%, respectively, which did

not vary significantly from those of the bare soil. The formation of moss crust in cropland can reduce soil sand content, increase soil clay

content, and consequently reduce croplands soil permeability. In conclusion, the formation of biocrusts in cropland has resulted in the

decrease of croplands soil permeability, which may affect the effective utilization of soil water by crops.

Keywords: saturated hydraulic conductivity; cyanobacteria crust; moss crust; infiltration rate; soil physicochemical properties
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Table 1 Distribution characteristics of biocrusts in croplands in wind—water erosion crisscross region

e 4k i 24 pp W 4t iy 26 i M= M e M e
LREen  feppem TR WEREE  BERER ey WEDE B it
Land ; Crop t Number of  Cyanobacteria crusts Moss crusts Thickness/ Cyanobacteria Moss biomass/
S R e P e plots/H coverage/% coverage/% reessimm biomass/(mg-g™) (g-dm™)
KBE EEF/S 5 46.44 18.63 3.45 12.62 0.31
) H %% 2 32.44 9.19 2.31 17.71 0.24
i EEES 2 24.37 0 1.88 7.73 =
CES 3 19.79 0 1.69 4.87 =
[RES 2 29.40 0 1.91 7.80 =

R2 KEMWARKBEYERBEET 0~5 cm T ETEEBULHER

Table 2 Soil physicochemical properties in different types of biocrusts at 0-5 ¢m depth in irrigated croplands

Sl LA EIESY ST AL Hoki & g R TR
Crust type  Soil bulk density/(g-cm™)  Field capacity/%  Organic matter content/(g-kg™)  Clay content/%  Silt content/%  Sand content/%
.. 1.25+0.01a 20.53+0.01a 12.52+0.18a 9.98+0.79b 39.15+1.57a 50.87+1.31a
PR 1.26+0.03a 20.33+0.07a 13.41+0.46a 10.94+0.20ab 42.69+1.15a 46.37+1.15ab
#ELE 1.28+0.01a 19.55+0.02a 14.16+£0.97a 12.30+0.59a 42.24+1.01a 45.46+1.50b

T [FFA ) P R R b BR W) 22 5 .35 (P<0.05) . T 1A

Note: Different letters in a column indicate significant differences among treatments at P<0.05 levels. The same below.
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Figure 2 Variation of infiltration rate and cumulative infiltration in different types of biocrusts in irrigated croplands
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Table 3 Characteristic parameters of soil water infiltration under different crust types in irrigated croplands

B A K (RN SEES SPIAB A R2RAB

e S
Crust t Initial infiltration rate/ Stable infiltration rate/ Average infiltration rate/ Cumulative infiltration amount/
rustype (mm-+min™") (mm-+min™") (mm-+min™") mm
(=S 3.06+0.17a 0.90+0.03a 1.09+0.10a 91.83+9.40a
BELE B 2.68+0.39a 0.67+0.13ab 0.86+0.12ab 72.63+9.38ab
#ELE 2.22+0.45a 0.44+0.10b 0.57+0.10b 49.13+8.27b

R4 KRMTBAZSHE T EBUMROEXESH

Table 4 Correlation coefficients between soil infiltration parameters and soil physicochemical properties in irrigated croplands

T H AL TIEAE E A Tk it g TREe FH fia] e 7K 45 R

Item Organic matter content Soil bulk density ~ Clay content Silt content Sand content Field capacity Thickness

A Gk AR -0.382 -0.177 -0.783% -0.453 0.665* 0.297 -0.893%

FaE A B R -0.172 -0.641%* —0.855%* -0.500 0.730%* 0.036 =0:795:=*
HIUH A A -0.093 -0.280 -0.589% -0.284 0.457 0.164 -0.521

FHABHE -0.174 -0.693* =0.773%* -0.493 0.691* 0.050 —0.789%*

FRABE -0.173 -0.621%* —-0.866%* -0.497 0.732%* 0.036 —0.788%**

T IR AEHETE 0.05 7KF- GO B B AHOE, R A8 HETE 0.0 1 KT (UL S 35 ARG
Note: *indicates the variables are significantly correlated at the 0.05 level (both sides) , **indicates the variables are significantly correlated at the 0.01
level (both sides).
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