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Development and Succession of Artificial Biological Soil Crusts and Water

Holding Characteristics of Topsoil

WU Li'*, CHEN Xiao-guo', ZHANG Gao-ke', LAN Shu-bin’, ZHANG De-lu’, HU Chun-xiang’

(1. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 2. Key Laboratory
of Algal Biology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 3. School of Sciences, Wuhan
University of Technology, Wuhan 430070, China)

Abstract: In order to understand the improving effects of cyanobacterial inoculation on water retention of topsoil in desert regions, this
work focused on the development and succession of biological soil crusts and water holding characteristics of topsoil after cyanobacterial
inoculation in Qubqi Desert. The results showed that after the artificial inoculation of desert cyanobacteria, algal crusts were quickly
formed, and in some microenvironments direct succession of the algal crusts to moss crusts occurred after 2- 3 years. With the
development and succession of biological soil crusts, the topsoil biomass, polysaccharides content, crust thickness and porosity
increased , while the soil bulk density decreased. At the same time, with crust development and succession, the topsoil texture became
finer and the percents of fine soil particles including silt and clay contents increased, while the percents of coarse soil particles (sand
content) decreased proportionately. In addition, it was found that with crust development and succession, the water holding capacity
and water content of topsoil showed an increasing trend, namely; moss crust > algal crusts > shifting sand. The water content (or
water holding capacity) in algal and moss crusts were 1. 1-1.3 and 1. 8-2. 2 times of those in shifting sand, respectively. Correlation
analysis showed that the water holding capacity and water content of topsoil were positively correlated with the crust biomass,
polysaccharides content, thickness, bulk density, silt and clay content; while negatively correlated with the porosity and sand content.
Furthermore, stepwise regression analysis showed that the main factor affecting water content was the clay content, while that affecting
water holding capacity was the porosity.

Key words : cyanobacterial inoculation; biological soil crusts; development and succession; water holding capacity; Qubqi Desert
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Table 1 Introduction of experimental sites

PL MRy SRR a 4RI i
s 1 2003 6 B4 R
i 2 2002 7 B R BUINAR)
fisfi3 2004 5 2350 FeH I
fidi4 2004 5 PELE 30 R
iR s — — bk Wi

1.3 SRk
1.3.1 &R a MilE

ARSI Th 4 2 i R W i 2R 3R 2 ROR (W0 V)
IR E YR . BRI S KA
JETF 10 mL 95% # 2  (80°C ) , 7 fH iR /K V& 5 vh
80°C #KH 2 min, Z Ji B T 4°C A9 VKA v B W5 i
6 h, HEHHITES 000 remin ' B .L> 10 min, B | iE T
B 665 nm F1 750 nm ZbPEWOGAE , SR S T
1 mol-L~" M1k ,10 min J5H T UK 665 nm
750 nm KbIEROEAE. Z5RHRAR .

¢ =21. 3X[ (Egs —Ey5p) — (Ags —Arsp) ] X V/S
K, e HERETHGRER a IO (pgrem ™) 5 Eg
H B WA B RALTHT T3 K 665 nm #1750 nm Ab
I AR ; Ages BN Aysy N2 BUR IR AL S T I K 665
nm Al 750 nm 4t B W CAE; VR BOR AY 7R FR
(mL) ; S A RELES KA ST (em?) .

1.3.2  &KE AR AR K & il e

45 K BK AR RE R B E 1 S50 = 5 ST RV i

KT :(105°C, 24 h) M, 45831540

WC = (W, - W,)/W, x 100%
K WC N BKE (% ) 5 W, NE5 T 200
M (g); W, WM T Z S MER(g).

45 K M AR K B I E R4S B e i R
BYEAC, 1b I 58 4 WK AR RN, 25 R AR AT RE K &
R

WHC = (W, - W,)/W, x 100%
Ao, WHC W45 B AFE K & (% ) 5 W, R4S Kk
IKWMZ G E R (g) 5 W, NESATH(g).
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E SPSS 13. 0 A4 1 i#E17.
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Fig. 1 Development, succession and change of dominant species in biological soil crusts
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B B N T R A Wy, i LA 45 B R
B BELS B Y ] R TR . [RIE Bl 4
BB A B 2 i R DL LB
I, AR, AR BT T T BEAE £ I
JCUA B A B R AR BRI N, VR %

Do SRR, A R bRl S R N 34,9 ~
37.2 8% BRI RGN 16. 4 ~ 17.7 1% #5451 ok
RLE I 65.4 ~67.5 %, Bk S M n 51.2 ~
52.9 fi5. (HANBGS J il 2 mv , FEAUMR A AT 2 A
UKL BPRL . R AR ARAR, R 5 Rk 2 A
— % <350 g-kg ' (F2).
2.3 SiEmR R R SRR ARk
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Table 2 Physicochemical properties of biological soil crusts in different experimental sites
25 Je Rt el i 2 {753 fii 5 4 firi5
JEFE/mm 9.05 0. 67 4.36 +0. 80 8.33£0.15 3.57 £0.50 0
T/ g em ™3 1.01 +0.02 1.34 0. 13 1.05 +0. 01 1.36 +0. 09 1.53 +0.02
LB/ % 50.79 £1. 19 36.88 +1.97 48.76 £1.55 38.17 +4.71 35.37£1.18
WL/ % 68.25 +2.27 84.45 £0.21 69.21 £1.55 84.95 +0. 18 99.50 +0. 25
WL E /% 22.59 +2.24 12.59 +0. 98 21.91 £2.19 11.86 +0. 10 0.33 +£0.29
FhRL 5/ % 9.16 £0. 04 2.96 0. 84 8.88 +0. 64 3.19 £0.26 0.17 £0. 04
LR /mgeg ! 3.31+0.35 0.71 £0.02 1.84 +0. 15 0.75 +0. 08 0.04 +0. 00
FKEH 0. 2%~ 0. 5% , MHEFIREK SR 20%~50% 60 - 0.6
- Nrs (a) AS[i) FHa AL es HUEHEE IS
AR K R I Fe AR i, — A 19% 2247 (0.87% ~ ol kR os
1.05% ). SR MK 3 4758R ] DL & 30 Bl 5 465 Bz 10 1
BB EOR BRI e B 2] [
#ELE > PRLE R > Wvb. T EHLEEAE B A A S K R (i E o) 103 %
FIREKRL) VDAY 1.1 ~ 1.3 4% B4 i h i ok 2, 1, T
T (MARKED) R g 1. 8 ~2. 2 1.
2.4 FpKEEJI AR 545 K BRARRE A G R ot 1!
3 NGk M F oK SRR K 5 4 R PRAR R 0 0
A2 S
50 60 o b 0.6
. (b) el S PR Bt —
40 + T 50 + o skl 405
Heo
w30t I s 40y 104
¥ = &
] % 5| lo: ®
& 20 £ 30 ) 0.3 f—
o] 2 \ )
g W J; 20 § § 102
+ 10 \ \ J0.1
\ \
ol —_— \ \
-10 iR IER S} S it
L Wi b B3 ARARBRASARLEEENREN
B2 AEA%AEEEMBREVERNENERTE HZREMEKkESEIEKE

Fig. 2 Box and whisker plots of crust biomass in the different

developmental and successional biological soil crusts
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Table 3 Correlation analyses between water holding capacity,

water content and crust physicochemical properties

2 i A K % TR Kt/ %

R P R P
25 {7 JRLJE /mm 0.963** 0. 009 0.951° 0.013
K /g cm 3 -0.987**  0.002 -0.981** 0.003
FLBREE/ % 0.985** 0. 002 0.998** 0.000
YR/ % -0.961 * * 0.009 -0.943* 0.016
MR % 0.937* 0.019 0.914*  0.030
FRL o1/ % 0.994** 0. 001 0.986** 0.002
LT/ /mgg ! 0.898* 0.038 0.948*  0.014
W)/ g em 2 0.915* 0. 030 0.961** 0.009
FKE/ % 1 0.988** 0.002
AR K=/ % 0.988* * 0. 002 1

1) = FREEME(P<0.05); = = FaRPEBEMEL(P<0.01)

Fig. 3 Water holding capacity and water content of

biological soil crusts in the different experimental sites

and different developmental and successional stages

PEZ RN A DG AT 45 5%, b ml DL R4S K 5 K &
(K E) 545 kAR, 2o JBE A
| FLBREE LA K A 8 o b A7 A A O (P <
0.05) , Hih 585 W &, JBE, 75,
FyRn FNRGRL S it 52 IEAH G, 545 K LB B R vb R
R AAHIC. DAGE R &K R AR A T 20 [l
SPATTESE bR B R (TSI S T D4 R RN R
KN S s i LR BE A RLE S B e AT
R {H >0.98(P <0.001,% 4).

TESCYRIE, o T TR 2 B FLRS ORI (M.
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Table 4  Stepwise regression analysis of crust water holding capacity and water content based on crust physicochemical properties

(R i SR [EEEES R? F P

Skt RORL T B AR 0.988 242.442 0. 001
SERCJRIE . ARE FLBARE, VbR BRI EL, 2SR AP SRR B

s TP L NEL 0.996 804. 132 <0.001
SEIEJREE A UDRL, BPRL, BORLE R RS R EYE SRR B

vaginatus ) FREEARSE (S, javanicum ) B IR & HFh
TV, HeRhJa B2z B S Y OB A, 2B A
KB B i, 4 A v R T R T IR
P i R e (R RN OC N RN ER A A
REY, T — 2 457D - J0kr I8 B AR E
AR 472 AT o R B, R R — A 2
Z IR BARTF IR TE B, (R B 45 Bz B, Bt s
&,V H 2 AR Gy BOXWGE . B 45 K iy A4
o, L (0 20 M AR TR, 3R THD I WORELRS | JEE 32 0 AR
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