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Abstract: We selected typical croplands in the black soil region of Northeast China to analyze the characteristics of
biocrusts during the growing season including species composition thickness coverage and biomass ( chlorophyll
content) . We collected bareground soil and biocrusts samples with chlorophyll content of 5-15 15-25 25-35
and 35-50 mg * ¢~' and measured the soil disintegration rate and soil maximum disintegration ratio of each sample
using a force gauge in the laboratory. The results showed that: 1) biocrusts dominated by algae and moss were fre—
quently developed in the croplands with Stigeoclonium and Bryum capillare as the most common species respec—
tively. The thickness and biomass of algal crusts were significantly lower than moss crusts with a successional trend
from algal crusts to moss crusts. 2) The coverage thickness and biomass of biocrusts in croplands were negatively
correlated with the frequency and intensity of tillage disturbance. For instance the values of those characterisitics
were only 27.8% 1.52 mm and 6.49 mg * g~ on average respectively in traditional tillage croplands and in—
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creased to 83.5% 2.74 mm and 34.16 mg * g”' respectively in the croplands with conservational tillage. 3)
Biocrusts considerably reduced the disintegration of surface soil particularly in the layer of biocrusts. Compared to
the bareground soil the soil disintegration rate of biocrusts with four levels of biomass ( with chlorophyll content of
5-15 15-25 25-35 and 35-50 mg * g”') was reduced by 43.1% 50.1% 55.5% and 59.8% respectively
while the soil maximum disintegration ratios were reduced by 11.4% 17.7% 33.2% and 36.6% respectively.
4) Soil disintegration rate and maximum disintegration ratio were significantly and negatively correlated with the
biomass and thickness of biocrusts indicating that the impacts of biocrusts on soil disintegration were primarily
caused by the improvements in physical properties of surface soil. In conclusion biocrusts were frequently deve—
loped in croplands in the black soil region of Northeast China owing to less disturbance following the conversion
from traditional tillage to conservational tillage. They had the potential to protect surface soil against disintegration
and improve soil anti-scourability which was critical for soil conservation in croplands in this region.

Key words: black soil; conservational tillage; soil disintegration rate; water and soil loss; soil erosion.
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Fig.1 Photos of biocrusts in the sampling plots with three types of tillage practices.

A: Traditional tillage; B: Minimum tillage; C:

Zero tillage.
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Table 1 Developmental characteristics of biocrusts in croplands under different tillage practices

Tillage practice Biocrust type Coverage Thickness Chlorophyll content
(%) ( mm) (mg-g™)
Traditional tillage Algal crusts 27.8 £7.5A 1.52 £0.36A 6.49 £0.97A
Minimum tillage Algal crusts 54.9 £3.6B 1.90 £0.14B 12.28 +0.98B
Zero tillage Algal crusts 71.9 46.8Cb 2.3240.27Ca 21.35 £6.17Ca
Moss crusts 11.6 +2.4a 3.16 £0.45b 46.96 +£12.71b

( P<0.05) Different uppercase

letters in the same column indicated significant difference among algal crusts under different tillage practices and different lowercase letters indicated sig—

nificant difference between algal crusts and moss crusts with zero tillage at 0.05 level.
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Fig.3 Algal and moss species identified in different types of biocrusts.

St: Stigeoclonium; Sp: Spirulina; Aa:

Physcomitrium sphaericum; Pe: Pella epiphylla. a)

cell; e) Sporophore.

Anabaenopsis arnoldii; Mi:

Plant; b)

Microcystis, Be: Bryum capillare; Ps:

Leaf shape; c) Leaf base cell; d) Leaf tip
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Fig.4 Disintegration rate of uncrusted and biocrusts soils.
I: Uncrusted soil; 1I': 5~15mg* g
Algal crusts with chlorophyll content of 5-15 mg * g™'; 1I:
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Figfs Curves of disintegration ratio of uncrusted and biocrusts
soils.
2~3 ;o 5~15  15-~25
mg * g’ 5~6
15~25 mg * g
5~15mg * g
125~35mg g’ 35~50 mg * g~
6 o
4
11.4%17.7%33.2% 36.6% o
2.2.3 4
5~15mg =g’ >15~25 mg * g

25~35mg g’

( 7N
4

>35~50 mg * g
100%

Fig.6 Times of applied external force and maximum residual

ratio of uncrusted and biocrusts soils at the end of disintegration.
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Fig.7 Maximum disintegration ratio of uncrusted and biocrusts

soils.
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Table 2 Basic properties of uncrusted soil and biocrusts

Biocrusts Chlorophyll content Thickness Air-dried water Bulk density Total porosity
type (mge+g™) (' mm) content ( %) (ge*cm™) (%)
I - - 3.1 +1.2ab 0.98 £0.12a 63.0 +4.7¢
I 16.88 £11.38a 1.45 £0.39a 3.6 +1.3ab 1.23 +0.18bc 53.8 £6.7ab
I 27.35 £7.67bc 1.94 £0.02ab 3.8 £1.0ab 1.10 £0.13ab 58.3 £5.0bc
v 36.09 £11.53be 2.37 £0.34b 4.2 +1.2b 1.26 £0.12bc 52.6 +4.6ab
\ 41.49 +13.56¢ 3.35+0.41c 23 +l.1a 1.32 £0.16¢ 50.1 +5.9a
I: Uncrusted soil; 1I: 5~15mg = g Algal crusts with chlorophyll content of 5-15 mg * g™'; 1I:
15~25 mg * g™ Algal crusts with chlorophyll content of 15-25 mg * g™'; IV: 25~35mg e« g Algal crusts with

chlorophyll content of 25-35 mg * g71§ V.

3

35~50 mg * g~ Moss crusts with chlorophyll content of 35-50 mg * g~'.

1

( P<0.05) Different lowercase letters indicated significant difference among different biocrusts types at 0.05 level.

Table 3 Correlation between disintegration parameters and basic properties of uncrusted and biocrusts soils

Parameter

Chlorophyll content

Thickness

Air-dried

water content

Bulk density

Total porosity

r r r P r P r P
-0.572" 0.026 -0.627" 0.012 0.012 0.954 -0.526**  0.007 0.528** 0.007
Soi disintegration rate
—-0.649* *  0.009 -0.664**  0.007 -0.051 0.807 -0.501" 0.011 0.499" 0.011
Soil maximum disintegration ratio
* P<0.05; * % P<0.01.
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