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Impact of biological soil crusts on soil water repellence in the hilly Loess Plateau region Chi-
na. ZHANG Peipei' > ZHAO Yun-ge' > WANG Yuan® YAO Chun—hu® ( 'State Key Laboratory
of Soil Erosion and Dry-and Farming on the Loess Plateau Institute of Soil and Water Conserva—
tion  Chinese Academy of Sciences and Ministry of Water Resources Yangling 712100 Shaanxi
China; *Institute of Soil and Water Conservation ~Northwest A&F University ~Yangling 712100
Shaanxi  China; *University of Chinese Academy of Sciences Beijing 100049 China) . -Chin. J. Ap—
pl. Ecol. 2014 25(3): 657 - 663.

Abstract: By using water drop penetration time ( WDPT) and molarity of ethanol droplet ( MED)
methods the soil water repellence of undisturbed biological soil crusts ( biocrusts) in five succes—
sional stages from the hilly Loess Plateau region of China was tested. The five stages of biocrusts
were light cyanobacterial crust dark cyanobacterial crust cyanobacterial with sparse moss crust
moss and tiny cyanobacteria patches crust and moss dominated crust. The results showed that 1) the
soil water repellence was markedly increased both in the intensity and persistence since the forma—
tion of biocrusts. 2) The soil water repellence showed a decrease trend along with the successional
stages of biocrusts. The soil water repellence of the biocrusts with the moss coverage above 20%
was significantly lower than that of the cyanobacterial crusts. 3) The soil water repellence of the
biocrusts was closely related to soil moisture and the dominant organism. The soil water repellence
increased with the decrease of soil water content for the moss dominated biocrusts while changed in
a bimodal curve with the decrease of soil water content for the cyanobacterial biocrusts.
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Table 1 General status of the sampling plots
Crust Plots Crust Moss Vegetation ~ Rehabilitation  Elevation Gradient Aspect
type replication coverage coverage coverage age ('m) (°)

(%) (%) (%) (a)
2 82.3 3.2 0 <1 1078 25 w
Light cyanobacterial crust 88.6 9.3 17 1~2 1116 0 ES
3 74.7 5.7 60 10 ~15 1121 18 S
Dark cyanobacterial crust 78.4 11.0 25 5~6 1125 0 -
85.4 7.4 5 5~6 1125 0 -

+ 4 75.9 43.4 20 5~10 1282 0 =
Cyanobacterial with 81.9 44.7 12.5 5~6 1120 0 ES
sparse moss crust 54.5 33.8 42.5 >20 1252 18 N

84.6 42.1 60 >20 1242 16 N

+ 3 72.5 53.9 55 5~10 1293 10 w
Moss and tiny cyanobacteria 83.5 67.7 70 5~6 1118 0 ES
mass patches crust 97.6 58.7 11 5~6 1135 0 -

2 67.4 59.2 62.5 10 ~15 1127 10 -
Moss crust 67.6 85.9 10 5~6 1130 0 E

- On the top of slope.
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Table 2 Physicochemical properties of biocrust soil ( mean + SE)
Crust type Thickness Biomass Organic matter Total N Available N
(. mm) (g-kg™) (mg-g™") (mg-kg™')
1.22 £0.10 10.29 £0.70 pg = g~ 8.86 +0.16 1.131 £0.450 36.50 +15.90
Light cyanobacterial crust
0.99 £0.06 12.12£1.16 pg = g™ 13.65 +4.28 1.090 +0. 340 36.84 £11.70
Dark cyanobacterial crust
+ 2.96 £0.11 1.24+0.10 g * dm 2 14.74 £2. 14 1.200 £0.212 43.23 +7.81
Cyanobacterial with sparse moss crust
+ 3.22£0.11 1.83£0.09 g * dm 2 15.33 +4.31 1.271 £0.372 38.25 +13.90
Moss and tiny cyanobacterial mass patches crust
4.08 £0.34 1.96 £0.19 g * dm 2 18.66 +7.81 1.414 £0.708 54.51 £27.20
Moss crust
a The biomass of cyanobacterial crust was the

content of chlorophyll a per unit soil mass the biomass of moss crust was the biomass of moss per unit decimeter.
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Table 3 Standards of soil water repellence rank “

Rank Meaning Water repellent
time (s)

0 No water repellency <5

1 Slight water repellency 5 ~60

2 Strong water repellency 60 ~ 600

3 Serious water repellency 600 ~ 3600

4 Extreme water repellency >3600

( molarity of ethanol droplet

MED) : 3 (
0.15 mL) 15 mm
5s
. : 95%
( )

1: 10.2: 10.3: 10.4: 10.5: 10.8: 10.9: 10

2)

6
100%
0 100% ~ 80% - 60% ~ 50% -
40% 20% 7
3 3 min 1
100%
( +0.03 g)
1.3
SPSS 16.0
2

2

( LSD) ( one-way ANO-
VA) a=0.05. Excel
2
2.1

1
( ) <5s

41.66 s

K
Water drop penetration time (s)

489 496 476

LIRIRIRIS

A B C D E
EhH2S Crust type

Fig.1 Soil water repellence of biocrusts at their different suc—

cessional stages.

CK: Cropland soil; A: Light cyanobacterial crust; B:

Dark cyanobacterial crust; C: + Cyanobacterial with
sparse moss crust; D: + Moss and tiny cyanobacterial patches
crust; E: Moss crust. (P<

0.05) Different small letters meant significant difference among treat—
ments at 0. 05 level. The same below. *

Critical concentration was calculated and verified.

22.4
5.4
2.2
1
5s
( WDPT  MED)
2.3
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Fig.2 Influence of soil water content on soil water repellence of .
biocrusts.
2
40%
23
(66.02 s) :
+ .+ )
21
20% ( 14% ' .
46.46.28.33.13.25 s)
Fischer °
20%
2%
3 10
25
3.1
19 .
) ;
N N \pH N
26
20%
3.2
15 100%
16 pH
17 18
10
13
Fischer 7
22.4
N . Yang
a <0.15 mm R

(0.05 ~0.25 mm) 45% ;



25

8 ~12
28
9
2d
50% 8 h
29
50%
20%
40% N
.+ N 4
20%
Yang B ( ) Blackwell PS Nicholson DF. Re-

search of soil degradation caused by soil water repellen—
cy the survey method and measures of improvement.
Journal of Environmental Science ( ) 1993
15(4) : 88 =90 ( in Chinese)

Xiong Y Wallach R Furman A. Modeling multidimen—
sional flow in wettable and water—repellent soils using ar—
tificial neural networks. Journal of Hydrology 2011
410: 92 - 104

10

13

Li Y ( ) Shang YL ( ) LiZH (
) et al. Advance of study on soil water repellency.

Transactions of the Chinese Society for Agricultural Ma—

chinery ( ) 2012 43(1): 68 -75 (in
Chinese)
Min L ( ) YulJJ( ) . Progress in the

research of soil water repellency and its influences on
overland flow generation. Advances in Earth Science (

) 2010 29(7): 855 -860 ( in Chinese)
Buczko U Bens O Hiittl RF. Variability of soil water
repellency in sandy forest soils with different stand struc—
ture under Scots pine ( Pinus sylvestris) and beech ( Fa—
gus sylvatica) . Geoderma 2005 126: 317 —336
Chen J-Y ( ) Wu PT ( ) Zhang Z-T
( ) et al. Response models for soil water repel—
lency and soil moisture. Transactions of the Chinese So—
ciety for Agricultural Machinery ( )
2012 43(1): 63 -67 82 (in Chinese)
Roberts FJ Carbon BA. Water repellence in sandy soils
of south-western Australia. II. Some chemical characte—
ristics of the hydrophobic skins. Australian Journal of
Soil Research 1972 10: 35 -42
Rodriguez-Alleres M Varela ME Benito E. Natural se—
verity of water repellency in pine forest soils from NW
Spain and influence of wildfire severity on its persis—
tence. Geoderma 2012 191: 125 -131
Fischer T Veste M Wiehe W et al. Water repellency
and pore clogging at early successional stages of micro—
biotic crusts on inland dunes Brandenburg NE Germa-—
ny. Catena 2010 80: 47 -52
Yang HT Liu LC Li XR et al. Characteristics of soil
water repellency after sand dune stabilization in the
Tengger Desert. Sciences in Cold and Arid Regions
2012 4: 408 -416
Qin N-Q ( ) Zhao Y-G ( )

of biological soil crust to and its relief effect on raindrop

. Responses

kinetic energy. Chinese Journal of Applied Ecology (

) 2011 22(9): 2259 -2264 ( in Chi-
nese)
Wu YL ( ) LiZ-Z( ) Gong Y-S (

) . Correlation of soil water repellency measure—
ments from two typical methods. Transactions of the Chi—
nese Society of Agricultural Engineering (

) 2007 23(7): 8-13 (in Chinese)
Letey J Carrillo MLK Pang XP. Approaches to charac—
terize the degree of water repellency. Journal of Hydro—
logy 2000 231 -232: 61 -65
Ming J ( ) Zhao Y-G ( ) Xu M=X (

) et al. Biological soil crust nitrogenase activity
and its responses to hydro-thermic factors in different

China. Chinese

erosion regions on the Loess Plateau

Journal of Applied Ecology ( ) 2013 24
(7): 1849 — 1855 ( in Chinese)
Liu L-C ( ) Yang H-T ( ) Li XR(

) et al. The advances in soil water repellency and

its eco-hydorological effects. Advances in Earth Science

( ) 2011 26(9): 926 —932 (in Chi-



663

16

17

18

20

21

22

nese)

Gao L-Q ( ) Zhao Y-G ( ) Qin N-Q
( ) et al. ITmpact of biological soil crust on soil
physical properties in the hilly Loess Plateau region

China. Journal of Natural Resources ( )
2012 27(8): 1316 — 1326 ( in Chinese)

Xiao B ( ) Zhao Y-G ( ) Shao MA
( ) . Effects of biological soil crust on soil physi—

cochemical properties in water-wind erosion crisscross

region northern Shaanxi Province China. Acta Ecologi—

ca Sinica ( ) 2007 27(11): 4662 - 4670
(in Chinese)
Zhao Y-G ( ) Xu MX ( ) Wang Q-

( )

soil biocrust on rehabilitated grassland in hilly Loess

et al. Physical and chemical properties of

Plateau of China. Chinese Journal of Applied Ecology

( ) 2006 17(8): 1429 - 1434 (in
Chinese)

Zheng Y-P ( ) Zhang B-C ( ) Zhao J-
C( ) et al. The contribution of Microcoleus
vaginatus to the formation of algal crust in the arid des—
ert. Acta Ecologica Sinica ( ) 2010 30(6):

1655 — 1664 ( in Chinese)
Doerr SH Shakesby RA Walsh RPD. Soil water repel—

lency: Its causes characteristics and hydro-geomorpho-

logical significance. Earth Science Reviews 2000 51:
33-65
Bian DD ( ) Liao C-Y ( ) Sun CZ

( )

distribution of soil microorganisms in the loess hilly re—

et al. Effect of soil biological crust on the

gion. Agricultural Research in the Arid Areas (

) 2011 29(4): 109 —114 ( in Chinese)
Young IM  Feeney DS O’ Donnell AG et al. Fungi in
century old managed soils could hold key to the develop—
ment of soil water repellency. Soil Biology and Bioche—

mistry 2012 45:125 -127

23

24

25

26

27

28

29

Rulli MC Bozzi S Spada M
tions on a fire disturbed mediterranean area. Journal of
Hydrology 2006 327: 323 -338

Yang LN ( ) Zhao Y-G ( ) Ming J
( ) et al. Cyanobacteria diversity in biological

soil crusts from different erosion regions on the Loess

et al. Rainfall simula—

Plateau: A preliminary result. Acta Ecologica Sinica
( ) 2013 33(14): 4416 — 4424 (in Chi-
nese)

Issa OM  Defarge C Trichet J
crusts in the Sahel of Western Niger and their influence

et al. Microbiotic soil

on soil porosity and water dynamics. Catena 2009 77:
48 - 55

Wu Y-H ( ) Cheng JQ ( ) Feng H-Y
( ) et al. Advances of research on desiccation—
tolerant moss. Journal of Desert Research ( )
2004 24(1): 23 =29 (in Chinese)

Galun M Bubrick P Garty J. Structural and metabolic
diversity of two desertdichen populations. Journal of the
Hattori Botanical Laboratory 1982 53: 321 -324
Verrecchia E - Yair A Kidron GJ

perties of the psammophile cryptogamic crust and their

et al. Physical pro—
consequences to the water regime of sandy soils north—
western Negev Desert Israel. Journal of Arid Environ—
1995 29: 427 —-437

Belnap J Gardner JS. Soil microstructure in soils of the

ments

Colorado Plateau: The role of the cyanobacterium Micro—

coleus vaginatus. Great Basin Naturalist 1993 53

40 - 47

1989 .
. E-mail: zhangpeipei3000 @

126. com




