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Spatial distribution of soil properties covered by moss crusts on different scales
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Abstract ; Biological soil crusts are the organic complexes composed of bacteria, cyanobacteria, algae, lichen and moss
with soil particles. They play critical roles in desert ecosystems, including enhancing soil stability and fertility, preventing
soil erosion by water or wind, facilitating seed germination. Moss crust is the latest successional stage of biological soil
crusts in arid and semiarid land, which perform important functions. Most of the studies focused on the difference of soil
properties between moss crust and lack of moss crust. Generally, moss crust distributes in patches in interdune areas of sand
dunes, it is a small scale. Little is known about its nutrients distribution at patch scale. The aims of this research are to (1)
make sure the strength of soil heterogeneity for moss crust at both quadrate scale and patch scale; (2) support basic data for
moss crust according to patch size. In this study, patch’s area is calculated by Photoshop CS 5.0. Five soil physiochemical
properties were analyzed with standard soil analytical methods. Classical statistics, geostatistic techniques, semivariogram
model fitting and mapping methods were used to describe the spatial distribution of soil properties at both scales. The results
indicated that there were medium variations for five soil properties of moss crusts at both scales. Coefficient variations of five
properties at quadrate scale varied from 12% to 30%. With the exception of total phosphorus, most coefficient valuations of
the other four properties at patch scale were less than 20% , which indicated the soil spatial heterogeneity of moss crust at
quadrate scale is much stronger than that at patch scale. The spatial autocorrelation of five soil properties at quadrate scale

ranged from 65% to 92%. For paich scale, except for total phosphorous, spatial autocorrelations of the other four parameters
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were over 90% , which means, that the proportion of spatial autocorrelations of moss crust increase with the decreasing of
sampling scale. Additionally, the effect of structure factors increased on patch scale with the decreasing proportion of the
random factors, which was consistent with the result of spatial autocorrelation. In this study, values of soil water, organic
matter and total nitrogen decreased from center of moss patch to edge, however, total phosphorus increased from center to
edge at patch scale, which indicated that there was heterogeneity for moss crust patch at micro scale. There was irregular
change for total soluble salt at patch scale, but at quadrate scale, total soluble salt content with mosses was much higher
than that without mosses, which implied that with the decreasing of sampling scale, the heterogeneity of soil salt
disappeared. The autocorrelation ranges of water, organic, total nitrogen and total phosphorus at patch scale were smaller
than the diameter of the moss crusts patch, autocorrelation range of total soluble salt was out of patch size, on the whole,
autocorrelation ranges in creased with the sampling size. Thus, sampling distance can be increased at quadrate scale, but for
patch scale, sampling distance should be reduced to avoid missing the tiny heterogeneity. At both scales, the lowest

autocorrelation range of total phosphorus was observed. Therefore, the sampling distance must be short for variation of

phosphorus, while for total salt, sampling distance can be increased properly due to its big variation range.

Key Words: moss crusts; patch; scale; soil properties; spatial distribution
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Table 1 Common species composition of moss crust in the Gurbantunggurt
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Fig.1 Soil sampling
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Table 2 Descriptive statistics of soil heterogeneity with moss crusts at the quadrate scale

T s b XA brifE 22 PRz R E Y F/MA ISON ;|
Soil e Mean Standard Standard Coefficient Minimum Maximum
off properties /(g/kg) Deviation(SD) Error(SE) Variation (CV)/% /(g/kg) /(&/kg)
K4 WC 1.670 0.445 0.198 26.66 0.59 2.96
HHLE 0G 2.543 0.573 0.329 22.55 1.37 4.73
4% TN 0.149 0.05 0.002 30.16 0.08 0.310
2T TP 0.290 0.037 0.001 12.65 0.20 0.38
MER TS 0.492 0.129 0.016 26.12 0.25 0.85
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Table 3 Descriptive statistics of soil heterogeneity with moss crusts at the patch scale

TR T {E FrifE 22 PRz A S KL R/ ME R AE
Soil propertics Mean sta_ndard Slandarfi 'C?efﬁiciem Minimum Maximum
/(g/kg) deviation(SD) error(SE) variation( CV) /% /(g/kg) /(g/kg)
1-WCI K% 3.871 0.752 0.596 19.42 2.61 4.92
2-WC K453 6.400 1.135 0.236 17.73 4.68 8.82
3-WC K4 6.812 1.571 0.406 23.06 5.02 10.14
1-0G bl 2.583 0.526 0.144 20.15 1.93 3.76
2-0G HHLIE 3.214 0.648 0.133 19.94 2.33 5.00
3-0G AL 4.265 0.629 0.159 14.55 3.32 5.31
1-TN 4% 0.187 0.050 0.015 26.73 0.11 0.31
2-TN 4% 0.267 0.060 0.020 22.47 0.15 0.48
3-TN &4 0.333 0.068 0.017 20.67 0.23 0.44
1-TP 2 0.345 0.036 0.091 8.82 0.28 0.39
2-TP 4 0.397 0.033 0.011 7.69 0.33 0.61
3-TP & 0.371 0.019 0.005 5.14 0.33 0.41
1-TS &k 0.224 0.039 0.001 17.73 0.20 0.30
2-TS Bhih 0.187 0.038 0.011 20.32 0.10 0.30
3-TS &hdh 0.169 0.031 0.013 18.99 0.10 0.30
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Table 4 The theory models and corresponding parameters of soil properties with moss crusts at the quadrate scale

LR HE AL S EAH i P Fox
Soil properties  Model Nugget il Range C(Co+C) 2 RSS
Co Co+C Ao /%
K58 WC Spherical 0.016 0.081 48.76 80.62 0.986 7.38%x107°
HHLFT 0G Spherical 0.010 0.031 42.73 67.35 0.985 2.68x107°
AA TN Spherical 6.36x107* 1.83x107? 39.82 65.29 0.989 6.36x107°
L TP Exponential 6.20x107° 8.71x107* 5.52 92.88 0.772 1.95%1078
AR TS Spherical 1.68x1073 1.52x1072 81.21 88.88 0.958 1.47x107°
x5 HRREBHEETEERNTRRICEEREBRBXSH
Table 5 The theory models and corresponding parameters of soil properties with moss crusts at the patch scale

i%}ﬁﬁr . FH AR L4 {H Nugget HAH Sill A5 Range FI AR o) Yo 2 2 B2
Soil properties  Model Co Co+C Ao C/(C+Co)/% RSS
1-WC K5 Exponential 1.00x107* 0.020 0.53 92.49 0.756 4.28x107
2-WC K453 Spherical 1.00x1073 0.025 4.56 99.60 0.841 5.69x107°
3-WC K45 Spherical 1.00x1073 0.041 3.49 99.76 0.409 1.00x1073
1-0G filFT  Spherical 1.00x107* 0.019 1.18 99.95 0.455 1.24x107*
2-0G HHLIE  Spherical 1.00x1073 0.035 4.74 99.71 0.744 3.13x107*
3-0G fAHLBE  Spherical 1.00x107° 0.012 3.11 99.92 0.761 1.04x107*
1-TN 4% Spherical 1.42x107* 9.90x107™* 1.36 86.35 0.272 1.93x1077
2-TN &% Exponential 6.61x107* 5.77%x1073 1.73 88.56 0.725 6.14x1077
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j:%)%ﬁ ' PR 4B Nugget FEAB1HE sill A5 Range EIAHE o] o E R B2

Soil properties  Model Co Co+C Ao C/(C+Co)/% RSS

3-TN &% Spherical 4.26x107° 1.86x1073 1.48 87.37 0.726 2.18x107%
1-TP 4>¥ Exponential 2.37x107* 5.45%107* 0.56 57.8 0.996 2.15x1071°
2-TP 4= Spherical 5.47x107 1.46x1073 1.51 62.69 0.698 1.08x1077
3-TP 4= Spherical 6.62x107° 1.94x107 1.48 65.98 0.6026 2.18x107%
1-TS &dh Line 1.26x073 1.26x1073 4.73 0 0.383 5.69x107°
2-TS Bdh Spherical 1.44x107° 4.31x107° 4.41 96.79 0.242 1.15x1071°
3-TS ik Spherical 1.01x107° 2.72x1073 4.93 99.96 0.855 2.12x1077
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Fig.2 Spatial distribution of soil water (WC) , organic matter ( OG), total nitrogen (TN), total phosphorus (TP) and total salt (TS)

with moss crusts at quadrate scale
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Fig.3 Spatial distribution of soil water (WC) , organic matter (OG), total nitrogen ( TN), total phosphorus (TP ) and total salt (TS)

with moss crusts at the patch scale
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