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Abstract: [Objective] This study explored the developmental characteristics of different biocrusts in
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Hilly Loess Plateau and the distribution of soil microorganisms to understand the effects of biocrusts devel-
opment. [Method]) Field survey and laboratory analysis were adopted to analyze the developmental charac-
teristics of five biocrusts including light cyanobacteria crust, dark cyanobacteria crust, cyanobacteria with
sparse moss crust, moss with tiny cyanobacteria patches crust,and moss crust. Soil chemical properties and
microbial quantities in the depth of 0 —2 cm were analyzed in laboratory and the relationships between
these indexes were obtained. [Result] Thicknesses of biocrusts of light cyanobacteria crust,dark cyanobac-
teria crust, cyanobacteria with sparse moss crust, moss with tiny cyanobacteria patches crust, and moss
crust were 1.13,3. 26,6.31,8. 91,and 12. 61 mm,cyanobacteria coverages of the five crusts were 100%,
98.67%,71.61%,27.33% .and 7. 80% ,and the moss coverages were 0% ,0. 80% ,24. 90%,65. 87% and
81.30% ,respectively. Among the five types, bacterial ratios were 53. 12% — 72. 09% , actinomycic ratios
were 27.49% —46. 80% ,and fungal ratios were 0. 08% —0. 92%. The quantity of total microorganisms and
bacteria in biocrust layer had a overall increased trend;the quantity of bacterial,actinomycetes and fungi in
moss crust were higher than the other biocrustal types. In 0—2 cm soil layer, the quantity of total microor-
ganisms and actinomycetes were showed like moss crust >>light cyanobacteria crust>>dark cyanobacteria
crust=>moss with tiny cyanobacteria patches crust™cyanobacteria with sparse moss crust, the quantity of
bacteria,actinomycetes and fungi in moss crust were higher than the other biocrustal types. Bacterial ratio
of moss crust in biocrust layer was higher than cyanobacteria crust, while actinomycetes ratio was differ-
ent. The fungi ratio in moss crust was higher than in other types. In soil layer of 0—2 cm, there was no sig-
nificant difference in ratio of bacteria and actinomycetes between biocrustal types,except that in moss crust
was higher than in other types. The quantity and ratio of bacteria and fungi in biocrust layer were higher
than that in 0—2 cm soil layer, but those of actinomycetes were opposite. In biocrust and 0—2 cm soil lay-
er,significant differences were found in soil chemical properties between different biocrusts. Total microbial
quantity,bacterial quantity,fungal quantity,and bacterial ratio were significantly positively correlated with
moss coverage and biocrustal thickness. Actinomycic ratio was significantly negatively correlated with moss
coverage and biocrustal thickness. The quantity of total microorganisms, bacteria and fungi, and ratios of
bacteria and fungi were positively correlated with soil organic carbon,total nitrogen,ratio of carbon to ni-
trogen,and electrical conductivity, while the quantity of bacteria and fungi,and the percentage of bacteria
and fungi were negatively correlated with soil pH. [Conclusion]) Biocrusts had significantly effects on quan-
tity of microorganisms in the semi-arid region. Compared with other biocrust types,moss crust significantly
increased soil microbial quantity.

Key words: biological soil crust; developmental characteristics; soil microbial quantity; soil chemical

properties; Hilly Loess Plateau
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Table 1 General information of the study area
45 [ KR i 1) T W RE V% B 75 1/ %
Biocrustal type Aspect Vegetation Vegetation coverage

RO T AT -
Light cyanobacteria crust Sunny slope Artemisia capillaries
GRS B P B3 SN a8
Dark cyanobacteria crust Half-sunny slope Stipa bungeana s A. capillaries °

S+ 2 B 4 1 B3 REENE 0
Cyanobacteria with sparse moss crust Sunny slope Bothriochloa ischaemum , Artemisia scrorum
B /b B 2 . - v e

For b et . I HRFF L1

Moss with tiny cyanobacteria . . 46

Sunny slope A. scrorum. B. ischaemum

patches crust
#E4E 2 Moss crust By Shady slope BFFE AL scrorum 55
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Table 2 Developmental characteristics of different biocrusts in Hilly Loess Plateau

45 [ A 45 17 )R /mm B/ % HEHERE/ % AR 35 /%
Biocrustal type Biocrustal thickness Cyanobacteria coverage Moss coverage Lichen coverage

B ff T ok
ok Bl B . 1.13-+0. 04 100 0 0
Light cyanobacteria crust
Vo A T ke
PR IR B . 3.26+0.55 98.67+2.19 0.80+1.63 0
Dark cyanobacteria crust
i | gl ok
Bt DI GEE 6.3141.01 71.6149. 14 24.90+8. 50 0
Cyanobacteria with sparse moss crust
[T )
Moss with tiny cyanobacteria 8.91+0. 24 27.3346.90 65.87+8.77 0.93+£1.72
patches crust
B 7k
BEL 12.61+1.36 7.80+4.72 81.30£7.89 1.0542.93

Moss crust

TR PR AR EZE” (n=30) . & 3 [,

Note: The values in the table are given as “mean values®=SD”(n=30). The same for table 3.
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A. Light cyanobacteria crust;B. Dark cyanobacteria crust;C. Cyanobacteria with sparse moss crust; D. Moss with tiny cyanobacteria patches

crust; E. Moss crust. The same below. Different capital letters indicate significant difference in the same layer of different biocrust types

(P<C0.05, n=3) ,different lowercase letters indicate significant difference in the different soil layers under the same biocrust (P<C0.05,n=3)
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Fig. 1 Changes of cultivable microbial quantity under different biocrusts in Hilly Loess Plateau
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Fig. 2 Composition of soil microorganisms in different biocrusts in Hilly Loess Plateau

2.3 ARRBEMERTELFEREN
% 3SR A Y4 f LR PR
F 3 AL AR WA B IR S A B I R O,
S U BILBT 5 i M (50 4 Bz B 8 45 B AR 12 0
MGG T 0~2 em + 2, #8845 [ + & A A
AT B T A A WSS B TELE WIS B
®3

JEMEEEEE 0~2 em )2 B 45 B 3 A L 2 1
F T HANAEY R TR KB A A B R
W4k Bz J2 4 5 A A HILI 5 L R L AR S R
KR ERTLERT 0~2 cm L2, iAW K2+
S pH E Y B AR TA5EF 0~2 em )= (BE4S
BRI

HIEBRRAEALBMEMERNTEAUFER

Table 3 Soil chemical properties in different biocrusts in Hilly Loess Plateau

+ )z SRR 2R/ (g kg™

AHL/ (g kg™

AL HS%E/(mSscm 1)

Soil layer Biocrustal type TN OM C/N ratio pH EC
A 0.77%+0.09 Ca 15.60£2.02 Ea 11.77+0. 60 Ba 7.60+0.02 Bb 184.7745.25 Aa
g g7 |2 B 1.00+0. 10 Ba 18.78=+2. 24 Da 10.857+0. 32 Ca 7.6440.03 ABb 186.02+5.75 Aa
Biocrust C 1.13+0.13 ABa 20.66+1.91 Ca 10.65+0.37 Ca 7.6340.02 Bb 175.83+10.02 Ba
layer D 1.234+0.09 ABa  24.68+1.55 Ba 11.6840. 71 Ba 7.63+0.04 ABb 181.10+13.65 ABa
E 1.354+0.09 Aa 31.1040. 90 Aa 13.45+0.76 Aa 7.70+0.03 Aa 183.4246.80 ABa
A 0.4740.04 Bb 8.01+1.06 Bb 9.8040.47 Bb 7.9740.04 Aa 131.02+4.20 Cb
0~2 em + 2 B 0.48+0.04 Bb 8.11+0.78 Bb 9.75+0.49 Bb 7.9140.10 Aa 139.93+8.00 Bb
0—2 cm soil C 0.40=+0.02 Bb 6.53+0.25 Bb 9.47+0.18 Bb 7.944+0.07 Aa 130.7545.12 Cb
layer D 0.48-+0. 04 Bb 7.85+0.55 Bb 9.54+0.39 Bb 7.95+0.07 Aa 130.5043.11 Cb
E 0.82+0.11 Ab 14.8442.17 Ab 10.4640.41 Ab 7.724+0. 06 Ba 156.7342.90 Ab

TE < [ SRR e b A ) K5 5% B 7R ] — b J= A T) 288 B A W) 45 5 i) 22 57 (i 35 (P<<0. 05.n=3) . R [l /NG 5 B 7R ) — 28 B 25 B2 R A [

2] 2 7 B F (P<0.05,2=3),

Note: Different capital letters indicate significant difference in the same layer of different biocrustal types (P<C0. 05,n=3),and different

lowercase letters indicate significant difference in the different soil layers under the same biocrust (P<Z0. 05,72=3).
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Table 4 Correlation coefficients among different biocrustal development characteristics and

soil microorganisms in Hilly Loess Plateau

ligd*jx a b c d f g h i j
a 1
b —0.999* * 1
c —0.962" " 0.954" " 1
d —0.849 "~ 0.836" " 0.872* 1
e —0.889" " 0.880" " 0.899** 0.966" "
f —0. 444 0.428 0. 494 0.732" " L5931 1
g —0.576" 0.558" 0.597* 0.835" " V757 0.723" " 1
h —0.571" 0.576* 0.532" 0.376 . 602" —0. 354 0.124 1
i 0.589" —0.593* —0.551"% —0.409 —0.631* 0.321 —0.175 —0.999** 1
j —0. 349 0.332 0. 362 0.629" L0457 0.603" 0.951** —0.009 —0.044 1

TEca, WG b, BERE s o ZE BRI s d RIERUAEY) BB e AR B £ R W RO s g EUE B0 s he A0 U015 1. R L 55 LR 1L
Bl * x FIRTE P<<0. 01 KV EBEASL, » KIRTE P<L0. 05 /KT LR EMK =15,

Note:a. Cyanobacteria coverage;b. Moss coverage;c. Crust thickness;d. Total microbial quantity;e. Bacterial quantity;f. Actinomycic quan-

tity; g. Fungal quantity;h. Bacterial proportion;i. Actinomycic proportion;j. Fungal proportion. * % means significant difference be-

tween sites at P<C0. 01 level, * means significant difference between sites at P<Z0. 05 level(n=15).
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Table 5 Correlation coefficients among soil chemical properties and soil microorganisms in

different biocrusts in Hilly Loess Plateau

I*fd*i a b c d e g h i j k |
a 1
b 0.941** 1
c 0.808* * 0.561*" 1
d 0.862** 0.868** 0,591~ 1
e 0.284 0.583** —0.321 0. 358" 1
—0. 308 —0.604** 0.298 —0.389* —0.999**
g 0.748* * 0.798** 0.430" 0.959** 0.459** —0.490* * 1
h 0.363* 0.602** —0.164 0.482** 0.825** —0.831** 0.550"* 1
i 0.383* 0.622** —0.152 0.538** 0.812*~* . 821+ % 0.599** 0.981** 1
] 0.368* 0.574** —0.107 0.588* * 0.699** —0.712** 0,655~ 0.780* * 0.875* * 1
k —0.321 —0.499** 0.087 —0.442* —0.710" " L 720" —0,572* " —0.758** —0.711** —0.601""* 1
1 0.374* 0.557** —0.059 0.521** 0.736** —0,748* * 0.655** 0,725*~ 0.708"* 0.649"* —0.884* " 1

o B EEG D, AN R e IR R RUE s d BB e QI LR B e BB B he R L APLB ) BRA L
k. pH;L SR, x « FoRfE P<<0.01 K B EHME, x FARLE P<L0.05 K L BEFHXR=230),

Note:a. Total microbial quantity;b. Bacterial quantity;c. Actinomycic quantity; d. Fungal quantity;e. Bacterial proportion;{. Actinomycic

proportion;g. Fungal proportion; h. Total nitrogen;i. Organic matter;j. Carbon nitrogen ratio; k. pH; 1. EC. * % means significant

difference between sites at P<C0. 01 level, * means significant difference between sites at P<C0. 05 level (n=30).
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