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Abstract
Biological soil crusts possess unique hydrophysical properties. To investigate
their effects on soil water infiltration and flow characteristics, this study exam-
ined three typical surface cover types (bare land, moss crust, and moss crust-
herb mixture) on aeolian sandy soil and loessial soil in the Loess Plateau, using
the ring infiltrometer method and dye tracer method to explore their hydraulic
properties and water flow characteristics. The results showed that moss crusts
significantly affected the soil physicochemical properties of the 0–5 cm soil layer
in both soil types: compared with bare land, soil bulk density decreased by
9.85%–10.00%, soil clay content increased by 1.01–1.29 times, and surface or-
ganic matter content increased by 2.73–3.02 times. Moss crusts reduced the
saturated hydraulic conductivity of the 0–5 cm soil layer by 61.32%–88.89%,
while saturated hydraulic conductivity in the 5–10 cm layer increased signifi-
cantly. Additionally, due to the influence of herbaceous plants, the saturated
hydraulic conductivity in the 0–5 cm layer of moss crust-herb mixture increased
by 1.32–6.43 times compared with moss crust soil. The dye coverage ratios of
both moss crust and moss crust-herb mixture on loessial soil were higher than
that of bare land, and water infiltration depth increased by 10 cm, whereas the
difference in dye coverage ratio between moss crust and bare land on aeolian
sandy soil was not significant. In summary, the presence of moss crusts and
moss crust-herb mixtures altered surface soil water infiltration, water flow char-
acteristics, and infiltration depth, influencing soil water retention and ecological
restoration in the Loess Plateau.
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Abstract

Biological soil crusts are assumed to greatly affect soil hydraulic conductivity
and flow characteristics owing to their unique hydrophysical properties. Many
studies have reported the effect of biocrust cover on soil water movement in arid
and semi-arid areas, noting that the physicochemical properties (i.e., bulk den-
sity, organic matter, and soil particle distribution) of topsoil differ from those
of bare soil, which may have positive or negative impacts on soil water infiltra-
tion, evaporation, and other properties that play important roles in the water
and heat balance of arid and semi-arid regions. However, biocrust/grass mixed
into soil is a common surface cover type in the Loess Plateau of China, whereas
the differences between biocrust cover and biocrust/grass mixed into soil are
unknown in terms of water infiltration and flow characteristics. In this study,
three typical soil cover types (bare soil, soil with moss crusts, and soil with a
mixture of moss crusts and grass) were selected for both aeolian sandy soil and
loessal soil. Their hydraulic conductivity and water flow characteristics were
measured using the constant-head method in undisturbed soil samples and the
dye tracing method in the field. The results show that moss crusts had a marked
influence on the physicochemical properties of surface soil. Compared with bare
soil, the bulk density of the moss crust layer decreased by 9.85%–10.00%, while
the clay content and organic matter content of the moss crust layer were 1.01–
1.29 times and 2.72–3.02 times that of bare soil, respectively. Moreover, moss
crusts reduced the saturated hydraulic conductivity of surface soil, especially for
aeolian sandy soil where the value was only 88.89% that of bare soil. The moss
crust/grass mix would reduce water loss; however, grass roots can create numer-
ous preferential flow paths. This significant effect ultimately increased surface
soil hydraulic conductivity by 1.32–6.43 times. The stained area ratios of both
the moss crust cover type and moss crust/grass mix were higher than that of
bare soil at the same soil depths for loessal soil. Moreover, soil water infiltration
depth increased by 10 cm under moss crust cover. However, the stained area of
moss crust cover and bare soil was similar for aeolian sandy soil. More impor-
tantly, soil cracks and macropores caused by the swelling and shrinking of moss
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crusts and the penetration of grass roots served as important preferential flow
channels for soil water infiltration and conduction; therefore, finger flow was
clearly observed during soil water infiltration, promoting rapid water movement
and ultimately affecting soil water flow characteristics. In conclusion, moss crust
cover and moss crust/grass mix in the Loess Plateau significantly altered surface
soil water permeability and flow characteristics. Therefore, their effects on soil
water conservation and vegetation restoration should be considered in arid and
semi-arid climate regions.

Keywords: moss crusts; saturated hydraulic conductivity; dye tracer; stained
area ratio; aeolian sandy soil; loessal soil; Shenmu; Loess Plateau

References

[9] Eldridge DJ, Greene RSb. Microbiotic soil crusts: A review of their roles in
soil and ecological processes in the rangelands of Australia. Ecosystems, 2012,
15(1): 148-161.

[11] Chamizo S, Cantón Y, Miralles I, Domingo F. Biological soil crusts improve
water-use efficiency of three Mediterranean succulents. Plant and Soil, 2012,
359(1-2): 229-241.

[12] Wang XP, Li XR, Xiao HL, et al. Effects of surface characteristics on in-
filtration patterns in an arid shrub desert. Hydrological Processes, 2007, 21(1):
72-82.

[16] Li Sheng-long, Wang Xiao-ping, Zhang Xin-xin, et al. Study on soil wa-
ter permeability and water flow characteristics under moss crusts in the Loess
Plateau. Journal of Soil and Water Conservation, 2019, 33(6): 1318-1324.

[17] Devitt DA, Smith SD. Root channel macropores enhanced downward move-
ment of water in a Mojave Desert ecosystem. Journal of Arid Environments,
2002, 50(1): 99-108.

[18] Shi Yafang, Zhao Yunge, Li Chenhui, et al. Effect of trampling disturbance
on soil infiltration of biological soil crusts. Chinese Journal of Applied Ecology,
2017, 28(10): 3227-3234.

[19] Li Jinfeng, Meng Jie, Ye Jing, et al. The development characteristics and
formation process of biological soil crusts in wind-water erosion crisscross region,
Northern Shaanxi Province, China. Journal of Natural Resources, 2014, 29(1):
67-79.

[20] Hu Shunjun, Tian Changyan, Song Yudong, et al. Determination and cal-
culation of soil permeability coefficient. Transactions of the Chinese Society of
Agricultural Engineering, 2011, 27(5): 68-72.

[22] Janssen M, Lennartz B. Characterization of preferential flow pathways
through paddy bunds with dye tracer tests. Soil Science Society of America
Journal, 2008, 72(6): 106-115.

chinarxiv.org/items/chinaxiv-202005.00006 Machine Translation

https://chinarxiv.org/items/chinaxiv-202005.00006


[23] Wu Yongsheng, Yin Ruiping, He Jingli, et al. Soil infiltration and its affect-
ing factors in sandy area. Arid Zone Research, 2016, 33(6): 1318-1324.

[24] Zhao Yunge, Xu Mingxiang, Wang Quanjiu, et al. Impact of biological soil
crust on soil physical and chemical properties of rehabilitated grassland in hilly
Loess Plateau, China. Journal of Natural Resources, 2006, 21(3): 441-448.

[25] Xiao Bo, Zhao Yunge, Shao Ming’an. Effects of biological soil crust on
soil physicochemical properties in water-wind erosion crisscross region, northern
Shaanxi Province, China. Acta Ecologica Sinica, 2007, 27(11): 4662-4670.

[26] Kidron GJ, Benenson I. Biocrusts serve as biomarkers for the upper 30cm
soil water content. Journal of Hydrology, 2014, 509(2): 398-405.

[27] Thomas AD, Hoon SR, Linton PE. Carbon dioxide fluxes from
cyanobacteria-crusted soils in the Kalahari. Applied Soil Ecology, 2008,
39(3): 254-263.

[28] Wu Linkun, Lin Xiangmin, Lin Wenxiong. Advances and perspective in
research on plant-soil-microbe interactions mediated by root exudates. Chinese
Journal of Plant Ecology, 2014, 38(3): 298-310.

[29] Belnap J, Gillette DA. Disturbance of biological soil crusts: Impacts on
potential wind erodibility of sandy desert soils in southeastern Utah. Land
Degradation and Development, 2015, 8(4): 355-362.

[30] Xiao Bo, Zhao Yunge, Shao Ming’an. Effects of biological soil crust on
saturated hydraulic conductivity in water-wind erosion crisscross region, North
of Shaanxi Province, China. Transactions of the Chinese Society of Agricultural
Engineering, 2007, 23(12): 35-40.

[31] Eldridge DJ, Zaady E, Shachak M. Infiltration through three contrasting
biological soil crusts in patterned landscapes in the Negev, Israel. Catena, 2000,
40(3): 323-336.

[32] Xiao B, Sun FH, Hu KL, et al. Biocrusts reduce surface soil infiltrability and
impede soil water infiltration under tension and ponding conditions in dryland
ecosystem. Journal of Hydrology, 2019, 568(1): 792-802.

[33] Qiao Yu, Xu Xianying, Fu Guiquan, et al. Characteristics of soil crusts of
different development years and their impact on soil hydrological processes in
Minqin Oasis fringe. Journal of Soil and Water Conservation, 2015, 29(4): 1-6.

[34] Devitt DA, Smith SD. Root channel macropores enhanced downward move-
ment of water in a Mojave Desert ecosystem. Journal of Arid Environments,
2002, 50(1): 99-108.

[35] Li Jianxing, He Binghui, Chen Yun. Root features of typical herb plants for
hillslope protection and their effects on soil infiltration. Acta Ecologica Sinica,
2013, 33(5): 1535-1544.

[36] Wu Lin, ?. ?. ?. (corrupted reference)

chinarxiv.org/items/chinaxiv-202005.00006 Machine Translation

https://chinarxiv.org/items/chinaxiv-202005.00006


[37] He Fanglan, Guo Chunxiu, Wu Hao, et al. Effect of biological soil crust
succession on soil texture, nutrient contents, and microbial populations of dune
surfaces at the edge of the Minqin Oasis. Acta Ecologica Sinica, 2017, 37(18):
6064-6073.

[38] Zhang Kan-kan, Bu Chongfeng, Gao Guoxiong. Effect of microbic crust on
soil water infiltration in the Loess Plateau. Arid Zone Research, 2011, 28(5):
808-812.

[39] Jørgensen PR, Hoffmann M, Kistrup JP, et al. Preferential flow and pes-
ticide transport in a clay-rich till: Field, laboratory, and modeling analysis.
Water Resources Research, 2002, 38(11): 1-15.

[40] Wang Xinhao, Wang Yunqi, Ma Chao, et al. Effect of root architecture on
soil permeability. Science of Soil and Water Conservation, 2018, 16(4): 73-82.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202005.00006 Machine Translation

https://chinarxiv.org/items/chinaxiv-202005.00006

	Hydraulic Conductivity and Water Flow Characteristics of Moss Crust-Covered Soils on the Loess Plateau (Postprint)
	Abstract
	Full Text
	Study of Soil Water Permeability and Water Flow Characteristics Under Moss Crusts Covering the Loess Plateau
	Abstract
	References



