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Development and Succession of Biological Soil Crusts and the Changes of

Microbial Biomasses

WU Li'*, ZHANG Gao-ke', CHEN Xiao-guo', 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: Biological soil crusts (BSCs) play important ecological roles in vegetation and ecological restoration in desert regions, and
different crust developmental and successional stages have different ecological functions. In this experiment, the BSCs in Shapotou
region (at southeast edge of Tengger Desert) were investigated to study crust development and succession through field investigation,
microscopic observation combined with quantitative analysis of microbial biomasses. The results showed that BSCs in this region
generally developed and succeeded from algal crusts, lichen crusts to moss crusts. With the development and succession of BSCs, crust
photosynthetic biomass gradually increased, while microalgal biomass showed a first increasing and then decreasing trend. Among the
crust algae ( cyanobacteia), Microcoleus vaginatus, as the first dominant species, occupied the most algal biomass and reached a
maximum of 0. 33 mm® g ~" crusts in algal crusts; while Scytonema javanicum and Nostoc sp. have their maximal biomasses in the later
lichen crusts. In addition, it was found that the heterotrophic microbial biomass began to increase in algal crusts, and then decreased
in lichen crusts; followed by another increase and the increase achieved the maximum at last in moss crusts. Through the correlation
analysis, it was found that bacterial biomass significantly positively correlated with crust organic carbon and Na® content, while fungal
biomass positively correlated with K* and Na® content (P <0.05). In conclusion, this study investigated the developmental and
successional patterns of BSCs in Shapotou region, and discussed the effects of crust development and succession on several microbial
biomasses from the point of view of environmental adaptation and functional requirement, which may be helpful for us to understand
crust development and succession, and provide theoretical and practical significances for crust maintenance and management in
ecological restoration of desertification regions.

Key words ; desertification; biological soil crusts(BSCs) ; development and succession; microorganisms; Tengger Desert
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Table 1  Basic characteristics of experimental samples
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Fig. 1  General model of development and succession in biological soil crusts
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Fig. 2 Biomass changes of free living algae, total algae and

photosynthetic organisms in different successional biological soil crusts
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Fig. 3 Biomass changes of the dominant algal species in different

successional biological soil crusts
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in different successional biological soil crusts
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Table 2 Correlation analysis between different crust microbial biomasses and soil physicochemical properties

LIPS e S B O 5 JE DA TR (—F) gile) HR TR TR
KR ~0.580* 0.058 0.346 0. 494 0.311 0.174
g A 0.057 -0.422 -0.335 -0.318 -0.275 -0.068
b g A -0.077 0. 420 0. 349 0.321 0.281 0.074
FkL 0.374 0.324 -0.085 0. 142 0. 062 -0.082
g R -0.562* 0.102 0.359 0.652* 0. 485 0.416
EERiIRT3 -0.207 0. 282 0.277 0.553* 0. 442 0. 264
MR -0.087 0.339 0. 194 0. 455 0.420 0.254
pixi: 0. 139 0. 468 0. 269 0.244 0. 287 0. 046
H g 0.359 0.211 -0.128 0.258 0. 488 0. 406
pH -0.077 0.544* 0.598 " -0.216 -0.243 -0.475
K* 0.198 -0.042 0.015 0.264 0.552* 0. 496
Na* -0.095 0.102 0. 063 0.592°* 0.590* 0. 442
Ca®* 0.423 0.325 0.232 0.220 0.512 0.193
Mg®* 0.173 0.531 0.337 0.103 0. 161 -0.072
Mn?* 0. 359 0. 489 0.210 0. 087 0.219 -0.074

1) 2 Bl Ry AH DGR A3 AT B AH DG R B, o + RIRAHICHETE 0. 05 /K7 3%

3 it it — S R T B R R R

e BT RIEEMIX, Tk Ak = K
TR AEBARMELL AT, 0 A= W0 25 Bz oy - M R ) A2 B
SRR T IAEIZ M X T2 A3 A T A A
Bk B A AR 2050 B SE i (e
SR LR R ) H TN SE B P i o A 1 1 BE A
DE e e v A 3 ¥ 5E AR K, I B e B B 4
B Rl e AR B R B R R B L E
BTN RE A T 2 R L BER BRI 45 K )
Fift 4 B A= A B9 AT BE M, DA T AR E 25 B2 /Y TR
R0 AEAS R I VDS IX I A
— A R PR B —— MK B —— B AG  HYA
AR E R B — SRR AR T SEI T B
TEBRAE B W A AR A, DT DA T 45 B o4 9 31
25z

B8 K R I 2 AR 22 J RS 52 e (A
LR | A FRGTIRE OB AE) N0 H R
T LE TR RY BRG] (K o B IRAE) e fli4h
BEAs BRAE R — R R BB 1 AR X
ARIGIETE R BSR4 B e B B 25
o] RS B A 45 Bz | BEAS Bz kR T ELRE A &Y
BB T, T BT B W A, 4 e R TR A
FHRE S A=A A (AN N | 3 10 S IAEL R ) . gk 4
ARAE—T5 TR T 4G Bz DB L HREOREE, 5 —TF
1t i T ST (A S TR | B RAE) 1

P X I ) AR 0 485 B A AN I o) I S B BE K 75 T8 EY
Bt AT T 5 2 BH — AN 14 PR32 AT ] BEESCE 3 /)
48 K3 1] O B R B B (L, KT T 5 &
) 2 R B AE [ — A5 X 8, TR
Bi i 22 FAT T e BOA R A 45 B R B I B B
TR [F]— DX 3 52 B 22 b AN () 7 3 o B v A2 )
5

BEA 45 K (0 R B D66 AR W i g g
&8 BOGE YR BON N EP 45 B R B K —
AR RS EOC S AR 2 Ak
BTN [F] 14 485 1 R B B R 45 B A P 3426 A
TEE VI A BELS Je b M A | B 28 1Y A ) e A1,
FEBDCE AW N HB U5 (M. vaginatus ) FT
WEPDABGHE (. javanicum) 5 {425 K 525 B G BT
A | BEIEBT N 45 B i OE S ZERE, Qs A 4
R IRFIEA (C. tenax) VA S #ESE iz vt 5 v B A
(B. argenteum ) FNEEX} 4 &% (D. nigrescens). R,
A E B AR Y i 2 e B R A R R O
A AP (H AN SR A IR AR A 282X 3
S EBRIE, A AR Y B ZR A R 45 B TP A DL &
AR AR S T e R M A 2 R rp (MR 56
£170% ~80% ) A A KIHEIEY R ATDLE 4
PIi i 30% ; BELT R (BE2EAE L 100% ) BESEEY)
EIEAFDCEEYER 10% .

Mo AR B2 5 P MU AR 1 PRl e 2k



1484 2N 5%

B 35 %

AR S, EARE LA A KA
T N BELS B B A 25 B A BT T B, (HLE R B2 AR W)
AT RGN, X R B e A, Jerh ARk
S VAR AATE Y, A R A v i e A g 2
AR FEETTERE . 25, G 5 B 2 )
L5 R B R, LR R R G b R A Y
SRR S X T AR TR A AR I, ek
(R HE A7 ) 2R W o 4 I S8 AR T E T 82810 L B
SRR IR FKE I BN (P <0.05) , AL
P (M. vaginatus ) W) BoR 5 45 7 B
KGR R R, 300, ARSI Gl o (M.
vaginatus ) *E ) EE WA 25 1 0 B TR IE W T B X
WRIATE B (M. vaginatus ) BE45 . 420 1 35 Fikr
(VR ] 28 W o A, & 28 B BCAR. O A e (S,
javanicum) FE IR B ( Nostoc sp. ) A EFIAE, BAT
TE 30 Hb A 45 K v A 00 1 U AT e el T4
R T R SR A T

BEA 45 B2 1Y % T TR | 3R T IO B i B
25 P SRR (A AL & & R ST )
SR S A e T R R S AR
BSOS IR Y A Y B (AT . A iR
T BRI VR 50 Bt A 445 B 1 R B 5 B I ek b B
Je PRI e #e Ty HL AR AN [R] 18 R B B4 Bz vy
KRN BELE N > PSS e > WA B 5 45 Je Al
Ll , SR A W A Wy e A b A AS B ) R B X AT
AEE F TR M A 10 B Pl 3. B ok A Bt 5 1 2
AR M BAR (AR ) R4S s 3R ik
SR AR A ] BEIE 1 23 WA ) SBOR A ) At S %
AP A, SEE P AN, T DL SR T A
S BRI A A E R B R,
Hor A P B B 3G S FLRK . Na® &5 HE R 38 inAy
K, HEBRAEINS K | Na® & RAE A G (P
<0.05).

4 Hig

(1) R REAR HLYNR AR R G U B R
DX A4S B iR A e B, 12 B DX AR ) 45 B i i —
E BB AT S 7 R, AR SO0 S S0 A e
HIACEE Je FEELE e 3 A B4 R B BB

(2) WSS B K H 8 S5 BOC A BV EY)
TN, 2SS B HUACES B, 25 B vp
SREEE Y i (AR A P IR IR R Y ) S
i AB AR B O AL 36 A L AR Y e
AW AR, O O B A T AR RS Y

BER I I | W A A s TR G 40, DR I 2
B R Y R E— AR
(3) BEEST R K R, LIRS 08 i

B8, A SR E R AR S T R AR S e

AR AR WD 2 R A ) B ) 2R A — D7 T X - SR

B R M R 5 5 — D7 TR B 1 45 B AN ) O B

BB Be R S DI RE A oK, 10 25 B A8 Sie 15 31X Y 1

PR A AT A B A L

B2k

[1] Evans R D, Johansen J R. Microbiotic crusts and ecosystem
processes [ J]. Critical Reviews in Plant Sciences, 1999, 18
(2). 183-225.

[ 2] Elbert W, Weber B, Biidel B, et al. Microbiotic crusts on soil,
rock and plants: neglected major players in the global cycles of
carbon and nitrogen? [ J]. Biogeosciences Discussions, 2009, 6
(4):6983-7015.

[ 3] Eldridge D J, Greene R S B. Microbiotic soil crust; a review of
their roles in soil and ecological processes in the rangelands of
Australia [ J]. Australian Journal of Soil Research, 1994, 32
(3): 389-415.

[4] LanS B, Wu L, Zhang D L, et al. Successional stages of
biological soil crusts and their microstructure variability in
Shapotou region ( China) [J]. Environmental Earth Sciences,
2012, 65(1): 77-88.

[5] HuCX, Liu YD, Song L R, et al. Effect of desert soil algae on
the stabilization of fine sands [ J]. Journal of Applied Phycology,
2002, 14(4) : 281-292.

[6] BILEHE. VIEAYE LR—T BV EIRHA 2
[1]. FEXBIFE, 2005, 22(3) : 287-288.

(7] GeAoR, =M, feBL, &5, SCU0 S 500 T W WSy R XHIRIEDG
R0 R R A R A A [ D], BRERLAE, 2012, 33(8)
2793-2803.

[8] SuYG, Li XR, Zheng J] G, et al. The effect of biological soil
crusts of different successional stages and conditions on the
germination of seeds of three desert plants [ J]. Journal of Arid
Environments, 2009, 73(10) : 931-936.

[9] WulL, Lan S B, Zhang D L, et al. Small-scale vertical
distribution of the Algae in Lichen soil crusts [ J]. Microbial
Ecology, 2011, 62(3) . 715-724.

[10] Lange O L, Kidron E L, Biidel B, et al. Taxonomic composition
and photosynthetic characteristics of the  biological soil crusts’
covering sand dunes in the western Negev Desert [ J]. Functional
Ecology, 1992, 6(5) . 519-527.

[11] Zaady E, Kuhn U, Wilske B, et al. Patterns of CO, exchange in
biological soil crusts of successional age [ J]. Soil Biology &
Biochemistry, 2000, 32(7) : 959-966.

[12] Lan S B, Wu L, Zhang D L, et al. Assessing level of
development and successional stages in biological soil crusts with
biological indicators [ J]. Microbial Ecology, 2013, 66 (2) .
394-403.

[13] Garcia-Pichel F, Castenholz R W. Characterization and



4 3

SRR PEWNAE B A B O S e A s Al

1485

[14]

[15]

[16]

[17]

[18]

[19]

[20]

biological implications of scytonemin, a cyanobacterial sheath
pigment [ J]. Journal of Phycology, 1991, 27(3) . 395-409.
Hu C X, Liu Y D. Parimary succession of algal community
structure in desert soil [ J]. Acta Botanica Sinica, 2003, 45
(8):917-924.

PERE PR R R T, BT M]. B, b
HEREEHOR L, 1980.

Zaady E, Karnieli A, Shachak M. Applying a field spectroscopy
technique for assessing successional trends of biological soil crusts
in a semi-arid environment [ J]. Journal of Arid Environments,
2007, 70(3) ; 463-4717.

Kidron G J, Barzilay E, Sachs E. Microclimate control upon
sand microbiotic crusts, western Negev desert, Israel [ J].
Geomorphology, 2000, 36(1-2); 1-18.

Garcia-Pichel F, Pringault O. Cyanobacteria track water in desert
soils [J]. Nature, 2001, 413(6854) . 380-381.

Zhang Y M, Wang H L, Wang X Q, et al. The microstructure of
microbiotic crust and its influence on wind erosion for a sandy soil
surface in the Gurbantunggut Desert of Northwestern China [ J].
Geoderma, 2006, 132(3-4) ; 441-449.

Acea M ], Prieto-Fernandez A, Diz-Cid N. Cyanobacterial
inoculation of heated soils: effect on microorganisms of C and N
cycles and on chemical composition in soil surface [ J]. Soil
Biology & Biochemistry, 2003, 35(4) : 513-524.

Langhans T M, Storm C, Schwabe A. Regeneration processes of
biological soil crusts, macro-cryptogams and Vascular plants
pecies after fine-scale disturbance in a temperate region:
[J]. Flora-
Morphology, Distribution, Functional Ecology of Plants, 2010,

Recolonization or successional replacement?

[22]

[24]

[26]

[27]

(28]

[29]

205(1) : 46-60.

Li X R, Wang X P, Li T, et al. Microbiotic soil crust and its
effect on vegetation and habitat on artificially stabilized desert
dunes in Tengger Desert, North China [ J]. Biology and Fertility
of Soils, 2002, 35(3) : 147-154.

Li X R, Xiao H L, Zhang J G, et al. Long-term ecosystem
effects of sand-binding vegetation in the Tengger Desert, northern
China [ J]. Restoration Ecology, 2004, 12(3) ; 376-390.

Li X R, He M Z, Duan Z H, et al. Recovery of topsoil
physicochemical properties in revegetated sites in the sand-burial
ecosystems of the Tengger Desert, northern China [ J].
Geomorphology, 2007, 88(3-4) . 254-265.

Biidel B, Darienko T, Deutschewith K, et al. Southern African
biological soil crusts are ubiquitous and highly diverse in
drylands, being restricted by rainfall frequency [ J]. Microbial
Ecology, 2009, 57(2) : 229-247.

Housman D C, Powers H H, Collins A D, et al. Carbon and
nitrogen fixation differ between successional stages of biological
soil crusts in the Colorado Plateau and Chihuahuan Desert [ J].
Journal of Arid Environments, 2006, 66(4) ; 620-634.

Kidron G J, Vonshak A, Abeliovich A. Recovery rates of
microbiotic crusts within a dune ecosystem in the Negev Desert
[J]. Geomorphology, 2008, 100(3-4) ; 444-452.

PR, AR, A, SF. R ST UM AR A T EAS
BB RRAE AL o3 A [T, AKLELE W24, 2009, 33
(5):937-944.

SM, WA, ot AF. R BRE AR AR M A
TR E S ARELT]. N 5SS A Y F 4, 2005,
11(3) : 349-353.



HUANJING KEXUE Vol.35  No.4

Environmental Science ( monthly) Apr. 15, 2014

CONTENTS

Analysis of Characteristics of Black Carbon Concentration in Shanghai from 2008 to 2012 «+eseereresresesessrsssnnsinisiinine WANG Hong-giang, HE Qian-shan,CHEN Yong-hang, et al. (1215)
Chemical Characteristics and Insoluble Particulates’ Surface Morphology of a Snowfall Process in the Southeastern Suburb of Urumgi ~ ++++++++-- LU Hui, WEI Wen-shou, CUI Cai-xia, et al. (1223)
Comparative Study of the Level and Distribution of Polybrominated Diphenyl Ethers and New Brominated Flame Retardants in the Atmosphere of Typical Urhan = «+seseeeeesesersenesiennennenen
........................................................................................................................................................................... WU Hui, JIN Jun, WANG Ying, et al. (1230)
Source and Health Risk Assessment of Heavy Metals in Ambient Air PM from One Coking Plant ««+s+esreerersrssresrsssrseicnnsninenenne DONG Ting, LI Tian-xin,ZHAO Xiu-ge, et al. (1238)
Estimation of Average Traffic Emission Factor Based on Synchronized Incremental Traffic Flow and Air Pollutant Concentration ~ +++++++sxsseseeseeses LI Run-kui,ZHAO Tong, LI Zhi-peng,et al. (1245)
Study on Critical Loads of Sulfur and Nitrogen in the Pearl River Delta «++sseseesrereeresremenensnmiininiiiiiii SUN Cheng-ling, XIE Shao-dong ( 1250 )
Hydrogen Sulfide Removal by the Combination of Non-Thermal Plasma and Biological Process ««+«+sssseseeseserersnsimncnsnnsinicnenes LI Hua-qin, HE Jue-cong, CHEN Zhou-yang, et al. (1256)
Spatial Distribution and Risk Assessment of Atrazine in Taizi River Basin, China «eeeoereereeressemenenmimeneneniinnens ZHENG Lei, ZHANG Yi-zhang, ZHANG Yuan, et al. (1263)
Development of a Method for Measuring Dissolved Reactive Phosphorus (DRP) and Dissolved Ferrous Iron in Large Batch in Pore Water Samples of Sediments with Micro-volumes +++++++++++
..................................................................................................................................................................... WANG Yan, ZHU Chun-gang, XU Di, et al. (1271)
Temporal and Spatial Variation of Water Nutrient Level After Exogenous Nutrient Input —-+eeeeeseesererssssssnennininiininsissienen FU Ling, ZHAO Kai, WANG Guo-xiang, et al. (1278)
Physical Process Based Risk Assessment of Groundwater Pollution in the Mining Area «««sessesesesesresesnnsinninniin SUN Fa-sheng, CHENG Pin, ZHANG Bo ( 1285)
Hydrogeochemical Characteristics of a Typical Karst Groundwater System in Chongqing YANG Ping-heng, LU Bing-qing, HE Qiu-fang, et al. (1290)
Investigation of Nitrogen, Phosphorus and Microbial Contamination in Laolongdong Underground River System of Chongging -++++++++++++- LAN Jia-cheng, YANG Ping-heng, REN Kun, et al. (1297
Effects on Phosphorus Fraction Distribution in Sediment by Roots of Vallisneria natans +++++++++++eeeessesnessssssseseninennininennne LI Zhen-guo, WANG Guo-xiang, ZHANG Jia, et al. (1304
Modeling Nitrogen Transformation in a Novel Circular-Flow Corridor Wetland — ++e-xeseeseeressssesmesnsnsnsmninsssneeen PENG Jian-feng, SONG Yong-hui, YUAN Peng, et al. (1311
Natural Attenuation of Tetracycline in the Water of Taihu Lake Under Different Environmental Conditions +++ DUAN Lun-chao, WANG Feng-he, JI Ying-xue, et al. (1318
Inactivation and Reactivation of Antibiotic-Resistant Bacteria During and After UV Disinfection in Reclaimed Water =~ «««+eeeseeeeeereeneess HUANG Jing-jing, TANG Fang, XI Jin-ying, et al. (1326
Photoreactivation of Escherichia coli and Enterococcus faecalis in the Secondary Effluent Disinfected by UV-Ti0,  +reereeeeresresivneeenenne WANG Xi-feng, GONG Xin, HU Xiao-lian, et al. (1332
Stability of Cg(, Nanoparticles in Aquatic Systems ««+«+tsssesessesrertosestnmi ittt FANG Hua, SHEN Bing-bing, JING Jie, et al. (1337
Fouling Behavior of Sodium Alginate During Microfiltration at Various lonic Compositions; XDLVO Approach — +«+-sssesseesesseseeeenes ZHAO Ying-xu, ZONG Rui-qiang, GAO Xin-yu, et al. (1343
Enhanced Remediation of 4-Chloronitrobenzene Contaminated Groundwater with Nanoscale Zero-valence Iron (nZVI) Catalyzed Hydrogen Peroxide (Hy0,)  +eoreeeeseesseseenees FU Rong-bing ( 1351
Effect of the Coexistence of Chlorobenzene Homologue on Anaerobic Degradation of Hexachlorobenzene «++:t-seseseeesessesvsesininsinisneneinienen WANG Qi, LIU Hui, JIANG Lin, et al. (1358

Research on Removal Efficiency of Cd( Il ) -bearing Wastewater by Sulfate-reducing Biological Filter «++- WU Xuan, TAN Ke-yan, HU Xi-jia, et al. (1366

Control Strategies of Nitrogen Removal Process in a Pilot Test of the Southern WWTP Based on the Nitrogen Balance ~ ++++++++++ * JIANG Ying-he, LIU Pei-ju, WANG Lei, et al. (1372
Effect of Simulated Inorganic Anion Leaching Solution of Electroplating Sludge on the Bioactivity of Acidithiobacillus ferrooxidans «++++++++++seesees CHEN Yan, HUANG Fang, XIE Xin-yuan ( 1377
Microbial Reduction of Cu®* Mediated by Electroactive Biofilms +++++++sveeesusessesisssiiniiiiiiii LIU Yi, ZHOU Shun-gui, YUAN Yong, et al. (1384
Copper Recovery from Artificial Bioleaching Lixivium of Waste Printed Circuit Boards «+:essessereereseremensssnenenninininninens CHENG Dan, ZHU Neng-wu, WU Ping-xiao, et al. (1391
Difference of Contaminant Composition Between Landfill Leachates and Groundwater and Iis Reasons «++reseseesessesnersenssenenenissneinennen HE Xiao-song, YU Hong, XI Bei-dou, et al. (1399
Photochemical Degradation of Landfill Leachate Facilitated by Combined Schwertmannite and Hy0, ««+xeresresrereeseresnsssiensiennneneenn WANG He-ru, SONG Yong-wei, XU Zhi-hui, et al. (1407
Effects of Operating Parameters on Organic Toxicity of Sludge Treating Synthetic Bisphenol A Wastewater -++:esseeesersesesesessnsnnnenee YANG Na, CHEN Xiu-rong, LIN Feng-kai, et al. (1414
Comparative Study on Biological Methane Potential and Methanogen Biodiversity in the Anaerobic Digestion of Excess Sludge «+«++xtsveeseesresnervsissenensininninennns DONG Hui-yu, JI Min ( 1421

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Isolation and Identification of Mn Oxidizing Bacterium Aminobacter sp. Hl and lis Oxidation Mechanism =+ ** YAN Ping, JIANG Li-ying, CHEN Jian-meng, et al. (1428
Nitrate Removal by a Strain of Nitrate-Dependent Fe( Il ) -Oxidizing Bacteria «+++++++sssesesssesesssssimisimiiiiiiiis WANG Hong-yu, YANG Kai, ZHANG Qian, et al. (1437
Study on the Iopromide-Degrading Characteristics of Strain Pseudomonas sp. 1-24 via Co-Metabolism «+v+reeseesesrerereremienenenninineninnen XU Bing-jie, GAO Pin, XUE Gang, et al. (1443
Using Flow Cytometry to Explore the Changes of Sphingomonas sp. GY2B Bacterial Surface Characteristics in the Process of Degrading Phenanthrene —««+s+-sesesseseerseneenenenensnniinsnnn
ZHANG Meng-lu, DANG Zhi,WU Feng-ji, et al. (1449)
Research on Characteristic of Interrelationship Between Toxic Organic Compound BPA and Chlorella vulgaris ««+++++++seseereesessesereenees CHEN Shan-jia, CHEN Xiu-rong, YAN Long, et al. (1457)
Effect of Magnesium Deficiency on Photosynthetic Physiology and Triacylglyceride( TAG) Accumulation of Chlorella wlgaris «++++++++ WANG Shan, ZHAO Shu-xin, WEI Chang-long, et al. (1462)
Effects of Microcystins on Growth and Antioxidant System of Rice Roots «++++stssesresrssersssssmssneneinimncnsnininnesisn s WANG Wei-min, DENG Yu, ZOU Hua, et al. (1468)
Responses of Soybean Cultivar Dongsheng-1 to Different 04 Concentrations in Northeast China «+«exteeeseereseersssseneneenes ZHANG Wei-wei, WANG Guang-hua, WANG Mei-yu, et al. (1473)
Development and Succession of Biological Soil Crusts and the Changes of Microbial Biomasses -+ WU Li, ZHANG Gao-ke, CHEN Xiao-guo, et al. (1479)
Effects of Lead on the Growth and Reproduction of Eisenia fetida with Aged Soils — «+eseereereerseesemenenminensnninieeens CHEN Li-hong, LIU Zheng-tao, FANG Zheng, et al. (1486)
Soil Heavy Metal Cadmium Standard Limit and Range of Background Value Research «+«+eseeeeeerevsesemsnninsnenninnen ZHAO Xiao-jun, LU Si-jin, XU Ren-ji, et al. (1491)
Study on Soil Element Background Values of the Hoh Xil Area in North Tibet BAI Jian-kun, WANG Jian-li, LI Chao-liu, et al. (1498)
Transfer Characteristic and Source Identification of Soil Heavy Metals from Water-Level-Fluctuating Zone Along Xiangxi River, Three-Gorges Reservoir Area ««+seseeseesesersenseesiencneneens
........................................................................................................................................................................... XU Tao, WANG Fei, GUO Qiang, et al. (1502)
Heavy Metal Pollution Characteristics and Ecological Risk Analysis for Soil Around Haining Electroplating Industrial Park -+eesseereeeeeeees LI Jiong-hui, WENG Shan, FANG Jing, et al. (1509)
Sources and Spatial Distribution of Typical Heavy Metal Pollutants in Soils in Xihu Scenic Area ««+«eseseeseereess + ZHANG Hai-zhen, TANG Yu-li, LU Jun, et al. (1516)
Distribution and Assessment of Mercury in the Ambient Soil of a Municipal Solid Waste Incinerator - * XIE Hui-ting, ZHANG Cheng-zhong, XU Feng, et al. (1523)
Phosphorus Adsorption Characteristics of Soils and Sediments Surrounding Dishui Lake in Shanghai -+ ZHUGE Xiang-zhen ,BI Chun-juan,CHEN Zhen-lou, et al. (1531)
Tmpact of SDBS/Na * on Red Soil Colloidal Stability «++rssssrersssrsrsrssmmmmmmnmissiiiss e TANG Ying, LI Hang, ZHU Hua-ling, et al. (1540)
Effects of Stabilization Treatment on Migration and Transformation of Heavy Metals in Mineral Waste Residues — «++veeeeeseesveeeees ZHAO Shu-hua, CHEN Zhi-liang, ZHANG Tai-ping, et al. (1548)
Study on a New Method of Fast Monitoring Toxicity of Cd? * by Algal in Water —«+++eseeesesusesnsnnnsis DUAN Jing-ho, LIU Wen-qing, ZHANG Yu-jun, et al. (1555)
Immunosensor for Rapid Detection of 1,3-Dinitrobenzene ««+:«+sessesrerseesenenmssminensnsiniis e LONG Feng, SHI Han-chang, WANG Hong-chen, et al. (1561 )
Mg/ Al Layered Double Hydroxides Prepared by Microwave-Assisted Co-Precipitation Method for the Removal of Bromate — «+++sessesrerserseesenenenisinencnnsennes ZHONG Qiong, LI Huan ( 1566 )
Discussion on Several Key Points of Decision Support System for Remediation of Contaminated Sites ++:«++eseeesersserresiessnssnennenennen LIAO Xiao-yong, TAO Huan, YAN Xiu-lan, et al. (1576)
A Review of Multi-Scale Studies on Spatial Variation of the Lead (Ph) Concentration in Uthan Soils -+ *+ YANG Meng, LI Feng-ying, DIAO Yi-wei, et al. (1586)
Review on Characteristics and Detecting Assay of Bacterial Endotoxin Contamination in Water Environment ««+«+seseereerseesesenees ZHANG Can, LIU Wen-jun, ZHANG Ming-lu, et al. (1597)
Advances in Molecular Mechanism of Bacterial Reduction of Hexavalent Chromium «++«++ssssesseerssrinmnmsnimmmnmi LI Dou, ZHAO You-cai, SONG Li-yan, et al. (1602 )
Anaerobic Membrane Bioreactors for Treating Agricultural and Food Processing Wastewater at High Strength «+-«+««sxereereeererenenesienicnenniinicnens WEI Yuan-song, YU Da-wei, CAO Lei (1613)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN
wOE. (FHEREEHT)

JIEIL TR THLE
doAE  AEHE BT
BRFHAZ &5 %2 M

N OO G

w#H A7

(HUANJING KEXUE)

T2
s

TR

H W
i A
T
o AR

M siEZE
Jlssan R
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(HT 1976 48 HAIT)
01444 B15H 35% 541 Vol.35 No.4 Apr. 15, 2014
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
e % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
JLEeT 2871 (4 ( (’fim&lZXX{*‘E% Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
. KEXUE
18 5, R4 : 100085 ) ) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
B .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 i 16 Donghuangchenggen North Street,
ZIN N B
tﬂgﬁéﬁﬁ% 100717 Beijirlg 100717,China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsrB&EIT hEERERR S SA R Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN  0250-3301
CN  11-1895/X

90. 00 7T
B FEIT

ER ALK S 2-821
ESEITR S M 205



	封面.pdf
	20140440.pdf
	封底.pdf



