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Table 1 Physico—chemical properties of the topsoil (0 ~20 ¢m ) in artificially revegetated sand areas, natural vegetation areas and

mobile sand dunes
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0.05 ~0.002 (eke) (gem™)
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Fig.1 Effects of cyanobacteria-lichen ( A;, A, and A;) and moss crusts ( B;, B, and B;) on soil enzyme activities
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Table 2 Statistical analysis of activities of the soil enzymes under cyanobacteria—lichen and moss crusts
N . S A »
+ I A5 AR H B ¥y FfH
Type III Sum of
Soil enzyme Source of variation Degree of freedom Mean square F value
Squares
2 i 2Rl 3209.7 1 3 209,75 26.8
IR 147 905.2 2 73 952.6%%* 617.2
. ] VAR 388 975.5 5 77 795.1% %% 649.3
WL [E VAT R
fifi Alkaline 25 W S x A SRR B 685.7 2 342.9 2.9
phosphatase 2 Wy 0 5 7 VB AR R 915.1 5 183.0 15
TR x [ AR 42 690.6 10 4 269.1%%x 35.6
45 Jr A x - BERBE x [V ARERR 704.9 10 70.5 0.6
2 i 2 11 060.4 1 11 060.4%3%* 163.1
R 67 703.5 2 33 851.8%%:* 499.1
[ VAR BR 99 043.9 5 19 808.8:%:k:* 202.1
Sl .
4 7 2R w4 SR i 3777.4 2 1 888.7xx 27.8
Protease
45 i A [ VDA R 4992.6 5 09855 14.7
TR x [ AR 19 127.1 10 1 912.7%%x 28.2
45 Jr A x 1 BERBE x [V AERR 1979.3 10 197.9%%* 2.9
2 i J Rl 13.5 1 13.5%%:% 74.0
R 193.9 2 06.97%# 533.3
[ VAR RR 311.7 5 62355 343.0
2T 4k F i .
4 7 R x4 SR i 5.3 2 2.6%%% 14.5
Cellulase
45 J A [ VDA R 3.9 5 0.8 43
IR x [ AR 42.1 10 4 ik 23.2
L5 R x IR x [ VDA FR 10 0.3 1.6

®% p<0.0l; **%, p<0.001
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Fig.2 Seasonal variations of activities of the soil enzymes under cyanobacteria~lichen (A, C and E) and moss crusts (B, D and F)

in the artificially revegetated areas

i T 0 P 1 AR AR R Ik, RSB R >
KR BSHFES . HEZCHMEIDA WL, ARG X -
oA 25 B2 #2245 2 R0 ~ 10 em )2 25 H B PE
(2R AR A O - 5T 7 O - M A 45 B R 2R &

T B AR R, o 117.8F1168.2
pe gl hy BEKRZ, H0IN62.47TH191.37 pg
g Wy BEEHKZ, HIN56.01F182.58 pe g
h™'s RFRAL, /39 44.81H149.56 pg g h';
P M A S H FBESZE 2 T 10 ~ 200120 ~ 30 em 12
G P 2 A AL TR TS BT > A >
K7, HEBEMEZFAIIL, KARME B X A B - A
2k H B ZE 2 R0 ~ 10 em T 247 4 R TR MEI 2
AR Ty BT A 2 R R i R A

e R BTG VER ., B N8.2919.19 we g h';

EWRZ, 2 H6.2916.87 weg g h''; FEH
WZ, /P9I N5.04F15.95 wg g h's AFHEAK,

3496 F15.45 g g h' WE-HBAR L i F#E
45K T 10 ~ 20120 ~ 30 em 1 J2 25 4k Z G Ve 2
WA HI R R FESESFESLE, WL, K
SR X B4 - b A 245 Bz PN 2525 2 0 ~ 30 emt
2, RVEBRERRE . AR RN 2T 2 2R S A A A
MZET AR, HRANEFESKES>FRMLE,

B AL EE R LE R0 ~ 10 em 4 JZ 0l P B R
fity . B AAT AE R BREME O = AL, BEE
A IR il 2 AR A TS

http: //pedologica. issas. ac. cn



660 + % =2 fi 52 &
&+ 0~10cm -~O-10~20cm -¥ 20~30 cm
2407 280-
o
£% 200 2404
ge 200
&gz 160
E£5 160-
S of 120
2 28 120-
BFZE g
= Zc'; 80
=40 40
13°04 13-07 13-10 14-01 13-04 13-07 13-10 14-01
120,
= 1004
=
gy 8
m§x
e 2 60
a7
E‘ 404
20l
0 T ¥ T ¥ T ¥ T 0 T T T ’ T v T
13-04 13-07 13-10 14-01 13-04 13-07 13-10 14-01
10- 12-
84
@ L fn 6
#8E op
=
w3z ¢4
2
& 2
0 0

13-04 13-07 13-10 14-01

SFeAERTH] Sampling time (yy-mm)

13-04 13-07 13-10 14-01
SFeAERTH] Sampling time (yy-mm)

K3 RS- HARE . (A, C, E ) FIEEEL5 K (B, D, F) T :SEEHE =210

Fig.3 Seasonal variations of activities of the soil enzymes under cyanobacteria~lichen ( A, C and E) and moss crusts (B, D and F)

of natural vegetation areas
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EFFECTS OF BIOLOGICAL SOIL CRUSTS ON SOIL ENZYME
ACTIVITIES IN DESERT AREA

Yang Hangyu'

. -2, 37
Liu Yanmei

Wang Tingpu’

(1 Gansu Forestry Technology College, Tianshui, Gansu 741020, China )

(2 School of Life Science and Chemistry, Tianshui Normal University, Tianshui, Gansu 741001, China )

(3 Shapotou Desert Research and Experiment Station, Cold and Arid Regions Environmental and Engineering Research Institute,

Abstract

Chinese Academy of Sciences, Lanzhou 730000, China )

Biological soil crusts ( BSCs ) play an important role in fixation of sand dunes and

maintenance of soil biota in arid desert ecosystems. Soil enzyme activities could be used as significant

bioindicators of extent of soil restoration and important biological indices in evaluating ecological restoration

and health in sandy areas. However, so far little has been reported on relationship between BSCs and soil

enzyme activities. To understand how BSCs affect soil enzyme activities, sand dune soil under BSCs in the

artificially revegetated areas at the southeastern edge of the Tengger Desert, China was taken as object of

this study. Four sample lots different in sand-fixing history ( 57, 49, 32 and 22 a, respectively ) were

set for soil sampling, and a tract of mobile sand dunes (0 a ) and a tract of natural vegetation land ( >100

a) in Hongweiof Shapotou were set as control. Results show that cyanobacteria-lichen and moss crusts

could significantly increase activities of soil alkaline phosphatase, protease and cellulase in the artificial

revegetation sand fixing areas (p < 0.05) . Type of crust significantly affected soil enzyme activities.
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The effects of moss crusts, typical of the late stage development of BSCs on activities of soil alkaline
phosphatase, protease and cellulase were much higher than cyanobacteria-lichen crusts, typical of the early
stage development of BSCs (p < 0.05) . Sand-fixing history also significantly affected activities of the soil
enzymes, displaying a positive linear relationship with activities of the soil enzymes (p < 0.05) . BSCs
significantly enhanced activities of the soil enzymes in the 0 ~20 cm soil layer (p < 0.05) and the effects
weakened with increasing soil depth. Moreover, activities of the soil enzymes under the crusts varied with the
season, following an order of summer > autumn > spring and winter. Therefore, apparently, the presence
and succession of BSCs increases activities of the soil enzymes. The findings indicate that BSCs are beneficial
to restoration of soil and corresponding ecological systems in the artificially revegetated desert areas at the
southeastern edge of the Tengger Desert.

Key words Biological soil crusts; Soil enzyme activities; Crust type; Sand-fixing history; Soil

depth; Seasonal change

(RERE: # #)
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