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Rapid light-response curves of PS II chlorophyll fluorescence parameters in leaves

of Salix leucopithecia subjected to cadmium-ion stress

QIAN Yongqiang, ZHOU Xiaoxing, HAN Lei” , SUN Zhenyuan *, JU Guansheng
Research Institute of Forestry, Chinese Academy of Forestry / State Key Laboratory of Forest Genetics and Tree Breeding / Key Laboratory of Tree Breeding and

Cultivation, State Forestry Administration, Beijing 100091, China

Abstract: Heavy metals in soil affect the growth, development, and multiplication of plants. Meanwhile, the plants which
survive in environment contaminated by heavy metals have mechanisms to tolerate heavy metals. Fluorescence-based
photosynthetic activity of leaves plays an important role in adaptation to heavy metal conditions, such as Cd**. In this
paper, the effects of Cd** on rapid light-response curves of photochemical and non-photochemical chlorophyll fluorescence
quenching parameters including dark fluorescence yield ( Fo) , maximal fluorescence yield (Fm) , maximal PS I quantum
yield ( Fo/Fm ), and latent PSIl quantum vyield ( Fo/Fo) of Salix leucopithecia were investigated under different
concentrations of Cd** solutions(0, 50, 100, 200, 400 mg/L) by MINI-IMAGING-PAM Chlorophyll Fluorometer.

The results showed that Fo and Fm present trend of first increased and then decreased, and the two parameters reached
the maximum when Salix leucopithecia were subjected to 200 mg/L Cd** solution after four weeks. The Fv/Fm declined
significantly under cadmium-bearing solution, but it was higher in the same Cd** solution after four weeks than after two
weeks. The Fv/Fm rebounded slightly in 200 mg/L Cd** condition after two weeks and then dropped to the minimum in the
same condition after four weeks. Fv/Fo was also inhibited significantly by Cd** stress, and showed the similar trend with the

changes of Fv/Fm.
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The rapid light-response curves of chlorophyll fluorescence parameters were also measured at various light intensities
(0, 20, 60, 100, 300, 500, 600, 800, 1000, and 1200wmol-m>s™"). The effective PS II quantum yield(Y( II )) and
coefficient of photochemical quenching(gP) decreased with the increase of light intensity. The Y ( I ) and ¢P declined
significantly subjected to high concentration of Cd** solution compared with low concentration under the same light intensity.
The parameters of quantum yield of regulated energy dissipation (Y (NPQ) ), coefficient of nonphotochemical quenching
(gN), and electron transport rate( ETR) increased with elevation of light intensity. The Y(NPQ) , ¢N, and ETR increased
sharply subjected to high concentration of Cd*" solution compared with low concentration under the same light condition.
Quantum yield of non-regulated energy dissipation( Y(NO) ) kept a lower level, although Y( NO) increased slightly with
the aggrandizement of light intensity. The results indicate that Salix leucopithecia has strong tolerance to Cd** stress by
irreversible inactivation of PS Il reaction centers. However, under high concentration of Cd** solution for prolonged stress,

PS I reaction centers were closed or irreversible inactivated with showing the phenomenon of photoinhibition.

Key Words: Cd* stress; chlorophyll fluorescence; rapid light-response curve; Salix leucopithecia
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Fig.1 Responses of Fo, Fm, Fv/Fm, and Fv/Fo of salix leucopithecia to Cd* stress
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Fig.2 Rapid light-response curve of Y( Il ) under Cd** stress for 0 week, 2 weeks and 4 weeks
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Fig.3 Rapid light-response curve of Y( NPQ) under Cd>* stress for 0 week, 2 weeks and 4 weeks
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Fig.4 Rapid light-response curve of Y(NO) under Cd>* stress for 0 week, 2 weeks and 4 weeks
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Fig.5 Rapid light-response curve of gN under Cd>* stress for 0 week, 2 weeks and 4 weeks
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Fig.7 Rapid light-response curve of ETR under Cd** stress for 0 week, 2 weeks and 4 weeks

W, —E R LIRS AE R A A B RE DG & T AR R

PS 1 SR O W ' o 1 2 28l il = Ae AT A SRERL, ROt fe rd e feonat s (v(ID) |
PS I1 V5 PERE AL HL Y(NPQ) FIAE TS ME A RE R FEHL Y(NO) ™ BIrA H it TPl A 1, B0 Y (1)
+ Y(NPQ)+Y(NO)=1, CAVIFEIEN] i 5 1 Cd* 2 BHEMGDE & oL 71238, Il BRIt b2 i iR e fe sk
B LB ABFFESE S b 72 S TRV B LA AR B ) 2 e B Cd™ il T, RIS Rt i v (D) 764
BEREE2) . Y(NPQ) MR 5E 2R AL, TR Cd™ BHEE T, Y(NO) XA [R5 14 i 1
TR 2E 5, X UL B ZEMIA BE e A B A R 1 AL RS s F B OERE TR PS I R Hh 0 32 1 3 i

http ; //www. ecologica. cn



20 34 B A5 CA™ B X AR ZEAN PS T it 2R 9¢ o 17 ith 2k 149 5 1l 6141

JE R 2 B M1, SEERRL AR G 1 FR AR,

FAF TR ZEL(qP) & PS TT R0 Z MR B RE TRl s AL 4, St 17 PS TT Rk &
W ERE TR AL A H ) BTSSR, s T st TRER R B sl st 1] g e B A €™
A IR ZEM0E R PS TR R H L O FF B L B RN S 5 56 Ak 2 SOy I RE #:

FEVCAUEVE K FREL gV XoF S A Rl o R A5 1 0078 2 = SRR Y, 7T 3 o 72 A 32 22 b PR 28 5 T, B 5 oy
38 S80S ALOCH  BEWE T CO, E O, PN S EEPS I fEm b R TR, L, oV B4 gEN
ARG LT 0 BRI SR, AR SR R RTF] CA™ AR gV B9 6m BAE a3 5 gP M, BIBE G
SR A B N L FHE_E TR EE D (B S) o BB Cd JBihaa T B 2RI ok B i BAGRE HIOR Bk R R G A RGN
1% TR AE I TE Cd> Wa S50 BEm

o3 XoF HE 40 ' A5 A T ) 5 T 2 22 T 1, AN AL 425 | & 6 B AL B 403 , TR st 5 mi ' & vl 4% 336 %
(ETR)M® , ABFFErh Al Cd™ kb FEAYARZEMINT - ETR BEOGHR A8 g b7t 5% ) ARk B Cd® b 3
FARRTE 58RI 300 mol - m ™ s™ B, It - ETR B4 ARAN (B 7) , M@k Cd™ K f (B Ab RS, it i ETR 78
1000 wmol - m s FFE BRI (& 7) , XA PS IR H0 040 56 AT BTG, 13 700 A9 Al 1 H gl a4k ek
ST SRR

L5 LTk, Cd™ Wi 330 Fo/Fm (Fo/ Fo B, HRE M4 DS B0 G 1Y, B JE5R g m, v( 1) |
gN 5 ETR TV, Y(NPQ) qP 50 S5 2 TR, Y(NO) {3558 . KT B Jimt ) Cd®* b3 S35 PS 11 S
e B A3 DG PR Bk 4 355 | T i P 3 s ) P SEE K PR 8 G ih 36 A ke 20068 17 M T35 PS T G4 HLAR I A T IR
S5t R BE I TR] CA Wi 5 KA fa AL Az BHL, B GAR P35, 3 76 5 it DL R S6 ik 22 v JO8 sUAE HL, T3
PS IT 52 1o HH0 32488, B LA H B4

References :

[ 1] Mallick N, Rai L C. Physiological responses of non-vascular plants to heavy metals / Prasad M N V , Strzalka K, eds. Physiology and Biochemistry
of Metal Toxicity and Tolerance in Plants. Dordrecht: Kluwer Academic Publishers, 2001 111-147.

[2] Foy CD, Chaney R L, White M C. The physiology of metal toxicity in plants. Annual Review of Plant Physiology, 1978, 29(1) : 511-566.

3 ] Kastori R, Petrovic M, Petrovic N. Effect of excess lead, cadmium, copper, and zinc on water relations in sunflower. Journal of Plant Nutrition,

1992, 15(11) . 2427-2439.

[4] WuF B, Zhang G P, Dominy P. Four barley genotypes respond differently to cadmium: lipid peroxidation and activities of antioxidant capacity.
Environmental and Experimental Botany, 2003, 50(1) : 67-78.

[5] QinTC, WuYS, Wang H X, Li Q R. Effect of cadmium, lead and their interactions on the physiological andecological characteristics of root
system of Brassica chinensis. Acta Ecologica Sinica, 1998, 18(3) : 320-325.

[ 6] Baszynki T, Wajda L, Krsl M, Wolifiska D, Krupa Z, Tukendorf A. Photosynthetic activities of cadmium-treated tomato plants. Physiologia
Plantarum, 1980, 48(3) : 365-370.

[ 7] Bemier M, Popovic R, Carpentier R. Mercury inhibition at the donor side of photosystem Il is reversed by chloride. FEBS Letters, 1993, 321
(1):19-23.

[8] YaoG, GaoHY, Wang W W, Zhang L. T, Bu J W. The effects of Pb-stress on functions of photosystems and photosynthetic rate in maize seedling
leaves. Acta Ecologica Sinica, 2009, 29(3) : 1162-1169.

[ 9] Weigel H J. Inhibition of photosynthetic reactions of isolated intact chloroplast s by cadmium. Journal of Plant Physiology, 1985, 119 179-189.

[10] Krupa Z, Oquist G, Huner N P A. The effects of cadmium on photosynthesis of Phaseolus vulgaris — a fluorescence analysis. Physiologia
Plantarum, 1993, 88(4) : 626-630.

[11] Jannssen L H J, Warm H W, van Hasselt P R. Temperature dependence of chlorophyll fluorescence induction and photosynthesis in tomato as
affected by temperature and light conditions during growth. Journal of Plant Physiology, 1992, 139 549-554.

[12] Zhang J P, Chen J, Hu Y H, Mo Y W. Effects of cadmium stress on photosynthetic function of leaves of Lemna minor L. Journal of Agro-
Environment Science, 2007, 26(6) : 2027-2032.

[13] Pulford I D, Watson C. Phytoremediation of heavy metal-contaminated land by trees-a review. Environment International, 2003, 29(4) : 529-540.

[14] Jensen J K, Holm P E, Nejrup J, Larsen M B, Borggaard O K. The potential of willow for remediation of heavy metal polluted calcareous urban
soils. Environmental Pollution, 2009, 157(3) : 931-937.

[15] Aronsson P, Perttu K. Willow vegetation filters for wastewater treatment and soil remediation combinedwith biomass production. The Forestry
Chronicle, 2001, 77(2) : 293-299.

[16] Klang-westin E, Eriksson J. Potential of Salix as phytoextractor for Cd on moderately contaminated soils. Plant and Soil, 2003, 249(1) ; 127-137.

http ; //www. ecologica. cn



6142 A E = 31 &

[17] Granel T, Robinson B, Mills T, Clothier B, Green S, Fung L. Cadmium accumulation by willow clones used for soil conservation, stock fodder,
and phytoremediation. Australian Journal of Soil Research, 2002, 40(8): 1331-1337.

[18] Yang W D, Chen Y T. Differences in uptake and tolerance to cadmium in varieties of Salix integra. Forest Research, 2008, 21(6) ; 857-861.

[19] XuA C, Chen Y T, Wang S F, Wu T L. Preliminary research on cadmium uptake, accumulation and tolerance in Salix . Research of
Environmental Sciences, 2006, 19(5) : 96-100.

[20] Yang WD, Chen YT, WangS F. Influences of cadmium stress on photosynthesis and endopeptidase activities in Salix matsudana. Bulletin of
Botanical Research, 2009, 29(4) . 428-432.

[21] LinSQ, XuCH, Zhang Q D, Xu L, Mao D Z, Kuang T Y. Some application of chlorophyll fluorescence kinetics to plant stress physiology,
phytoecology and agricultural modernization. Chinese Bulletin of Botany, 1992, 9(1): 1-16.

[22] LiPM, Gao HY, Strasser R J. Application of the fast chlorophyll fluorescence induction dynamics analysis in photosynthesis study. Journal of
Plant Physiology and Molecular Biology, 2005, 31(6) : 559-566.

[23] Wan X Q, Zhang F, Xia X L, Yin W L. Effects of cadmium on photosynthesis and chlorophyll fluorescence parameters of solution-cultured poplar
plants. Scientia Silvae Sinicae, 2008, 44(6) ; 73-78.

[24] Bai ZY, Li CD, Zhao JF, Wu YT, Zheng J F, Bi C R. Effect and preliminary analysis of chromosomal control on the chlorophyll fluorescence
parameters of wheat substitution lines between synthetic hexaploid wheat and Chinese spring under drought stress. Scientia Agricultura Sinica,
2011, 44(1) . 47-57.

[25] YiY]J, LiFB, LiJ Y. Physiological response of chlorophyll fluorescence in moss Plagiomnium cuspidatumtom ixture heavymetal solution. Acta
Ecologica Sinica, 2008, 28(11) ; 5437-5444.

[26] TuZY, Pan M ], Guo Q, Wang B S. The selection of Salixxagyrobractealis. Journal of Jiangsu Forestry Science and Technology, 2000, 27(2) .
1-11.

[27] Maxwell K, Johnson G N. Chlorophyll fluorescence — a practical guide. Journal of Experimental Botany, 2000, 51(345) ; 659-668.

[28] Jiang C D, Gao H'Y, Zou Q. Changes of donor and accepter side in photosystem Il complex induced by iron deficiency in attached soybean and
maize leaves. Photosynthetica, 2003, 41(2) : 267-271.

[29] Demmig B, Bjorkman O. Comparison of the effect of excessive light on chlorophyll fluorescence (77K) and photon yield of O, evolution in leaves of
higher plants. Planta, 1987, 171(2) . 171-184.

[30] TengZ H, Zhi L, Zong X F, Wang S G, He G H. Effects of high temperature on chlorophyll fluorescence, active oxygen resistance activity, and
grain quality in grain-filling periods in rice plants. Acta Agronomica Sinica, 2008, 34(9) : 1662-1666.

[31] Genty B, Briantais J] M, Baker N R. The relationship between the quantum yield of photosynthetic electron transport and quenching of chlorophyll
fluorescence. Biochimica et Biophysica Acta (BBA) : General Subjects, 1989, 990(1) : 87-92.

[32] Kramer D M, Johnson G, Kiirats O, Edwards G E. New fluorescence parameters for the determination of Q, redox state and excitation energy
fluxes. Photosynthesis Research, 2004, 79(2) . 209-218.

[33] Wang KB, Xu C H, Zhao F H, Tang C Q, Dai Y L. The effects of water stress on some in vivo chlorophyll a fluorescence parameters of wheat flag
leaves. Acta Biophysica Sinica, 1997, 13(2) . 273-278.

[34] Wang L, Yang H Q, Fan W G, Zhang Z. Effect of CdCl, treatment on photosynthetic rate and chlorophyll fluorescence parameters in Malus
hupehensis leaves. Scientia Agricultura Sinica, 2010, 43(15) : 3176-3183.

SE Lk

(8] W™, MWL, FoRAR, TKLWF, M. HIWHAXT ERYE AOLRGEYRE BB R R #EIR. EABSR, 2009, 29(3) : 1162-1169.

[18] MR, Wraide. AFEAHISFXIE (Cd) WS B2, Mok B2A0FsE, 2008, 21(6) : 857-861.

[19] #RER, BRasZe, MR, R MRS Cd Mol FR B RHE I IE5E. HEEREIFT, 2006, 19(5) : 96-100.

[20] H#TAR, Wraide, me SR O XT I A AR FA AN A KBRS fL A SE0R. ATIRT ST, 2009, 29(4) ; 428-432.

[21] ARt , 7FEE, KHAE, B3RE, BRE, EEn. WERIOEI MUY A SRl IR N . Y Fa i,
1992, 9(1): 1-16.

[22] ZMBR, FIRFIE, Stasser R J. YOEMERIOCTHES SN II# W AEe A EBTTE PRI, YA 305 53 1A 22741k, 2005, 31(6)
559-566.

[23] JIEE, Sk, EHF, P %%iﬂxﬁﬁﬁﬁ‘ﬁ/&fﬁﬁﬁﬁul‘@%%)“ﬁ’%’ﬁlﬂﬁ%ﬂﬂ Mol Bl , 2008, 44(6) : 73-78.

[24] FEETE, 407, BAE, RIFE, AR, . T 5Bhax /N AR SR IO SR S ORI 5 0. b ERO
Fla, 2011, 44(1) . 47-57.

[25] AHH, 2054, X558 RHEITEE (Plagiomnium cuspidatum) W 4% Z 500 B 4 4w B30 i 1. A 25242, 2008, 28 (11)
5437-5444.

[26] AR, (éﬂﬁfﬁ! R, EER. %Eéﬁﬁﬂﬂ’aiiﬁ. TR, 2000, 27(2) ; 1-11.

[30] Jerhde, B0, S32R, B, (AGAe. wP 0 K RS S 2 S SR 3T BT PRSI R OK B S . R4, 2008,
34(9) : 1662-1666.

[33] EnBy, VM, SR, ESEK, M. KX/ NEZ RS R N5 3R 2 SOESHE M. AW BAER, 1997, 13(2):
273-278.

[34] EM, Hputss, AR, skA. FEFZE OB E0R o g RIS RO LA B . T E Ol R, 2010, 43 (15)

3176-3183.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.20 October,2011( Semimonthly )
CONTENTS

Community structure and diversity of macrobenthos in the intertidal zones of Yangshan Port -«oxsecererererereneeeieieieieiiiiiiiieaen..
.............................................................................. WANG Baogiang, XUE Junzeng, ZHUANG Hua, et al (5865)
Variation characteristics of macrobenthic communities structure in tianjin coastal region in summer «=:setocerreeerrersreesreneiiiiee.
........................................................................... FENG Jianfeng, WANG Xiuming, MENG Weiging, et al (5875)
Analysis of habitat connectivity of the Yunnan snub-nosed monkeys ( Rhinopithecus bieti) using landscape genetics —=+rererererececaees
........................................................................... XUE Yadong, LI Li, LI Digiang, WU Gongsheng, et al (5886)
Study on the spatial pattern of wetland bird richness and hotspots in Sanjiang Plain «+-coeeeeeeeeeeceeees LIU Jiping, LU Xianguo (5894)
Dynamic analysis of coastal region cultivated land landscape ecological security and its driving factors in Jiangsu «-ecevoreererereeeeceees
............................................................................................. WANG Qian,JIN Xiaobin, ZHOU Yinkang (5903)
Landscape pattern gradient on tree canopy in the central city of Guangzhou, China ««++=s+ssssssseesssssemmmiiniitiii
....................................................................................... ZHU Yaojun, WANG Cheng, JIA Baoquan, et al (5910)
Research on dynamic changes of landscape structure and land use eco-security:a case study of Jiansanjiang land reclamation area
...................................................................................................... LIN Jia, SONG Ge, SONG Siming (5918)
Shangri-La county ecological land use planning based on landscape security pattern ««+++s«++ssssssesssssemmittmniitiiini
.................................................................................... LI Hui, YI Na, YAO Wenjing, WANG Siqi, et al (5928)
Changes of paddy field landscape and its influence factors in a typical town of south Jiangsu Province — «oreererreeersreeerrieeeeeeeeene.
.......................................................................................... ZHOU Rui, HU Yuanman, SU Hailong, et al (5937)
Species composition and succession of swamp vegetation along grazing gradients in the Zoige Plateau, China «-rrerererereeerrecereeeene.
................................................................................. HAN Dayong, YANG Yongxing, YANG Yang, et al (5946)
Characteristics and influence factors of the swamp degradation under the stress of grazing in the Zoige Plateau -+-roveeeerrererereeeeeees
.......................................................................................... LI Ke, YANG Yongxing, YANG Yang, et al (5956)
Variation of organic pollution in the last twenty years in the Qinzhou bay and its potential ecological impacts +++-+ LAN Wenlu (5970)
Response of radial growth Chinese pine ( Pinus tabulaeformis) to climate factors in Wanxian Mountain of He'nan Province +++«+++++-+
.......................................................................................... PENG Jianfeng, YANG Airong, TIAN Qinhua (5977)
Vegetation and species diversity change analysis in 50 years in Tashan Mountain, Shandong Province, China — +«+-roesreererreeeereceenes
....................................................................................... GAO Yuan, CHEN Yufeng, DONG Heng, et al (5984)
Effect of urban heat island on plant growth and adaptability of leaf morphology constitute +-+-+- WANG Yating, FAN Lianlian (5992)
Effects of shading on photosynthetic characteristics and chlorophyll fluorescence parameters in leaves of the endangered plant
Thuja sutchuenensis — ++++++=+++++sssssessssesmnnssiitt LIU Jianfeng, YANG Wenjuan, JIANG Zeping, et al (5999)
Effects of shading on growth and quality of triennial Clematis manshurica Rupr. —+++++++sssesseseseenisiiiiit i
................................................................................. HAN Zhongming, ZHAO Shujie, LIU Cuijing, et al (6005)
Allelopathic effect of extracts from Artemisia sacrorum leaf and stem on four dominant plants of enclosed grassland on Yunwu
e WANG Hui, XIE Yongsheng, YANG Yali, et al (6013)
Effects of soil base cation composition on plant distribution and diversity in coastal wetlands of Hangzhou Bay, East China -+-+-------
............................................................................................. WU Tonggui, WU Ming, YU Mukui, et al (6022)
Species diversity of arbuscular mycorrhizal fungi of Stipa L. in alpine grassland in northern Tibet in China — «-cocoreererrerreaenceeees
....................................................................................... CAI Xiaobu,PENG Yuelin, YANG Minna, et al (6029)
Water consumption and annual variation of transpiration in mature Acacia mangium Plantation = +rocororerereraraeeccacicaraeieiiteeee.
....................................................................................... ZHAO Ping, ZOU Lvliu, RAO Xingquan, et al (6038)
Foliar phenotypic plasticity of a warm-temperate shrub, Vitex negundo var. heterophylla, to different light environments in the

f‘]e]d ................................................................................. DU Ning’ ZHANG Xium, WANG Wei, et a] (6049)



An case study on vegetation stability in sandy desertification land: determination and comparison of the resilience among communities
after a short period of extremely aridity disturbanc ««=vsecorrerererrreaerrenenieniiiiiieen.. ZHANG Jiyi, ZHAO Halin (6060)
Response of soil quality indicators to comprehensive amelioration measures in coastal salt-affected land «=w--rorreerreeeererrceeeeeenens
.............................................................................. SHAN Qihua, ZHANG Jianfeng, RUAN Weijian, et al (6072)
Fine-scale spatial associations of Stipa krylovii and Stellera chamaejasme population in alpine degraded grassland = «-ececoreeeererereeeeees
......................................................................................................... ZHAO Chengzhang, REN Heng (6080)
The response of community-weighted mean plant functional traits to environmental gradients in Yanhe river catchment —=+:eeeeeeeeeeeeees
............................................................................................. GONG Shihui, WEN Zhongming, SHI Yu (6088)
Ozone stress increases lodging risk of rice cultivar Liangyoupeijiu: a FACE study — «++-veessseressssmesnmmssniisiiit i
........................................................................... WANG Yunxia, WANG Xiaoying, YANG Lianxin, et al (6098)
Effect of sugarcane//soybean intercropping and reduced nitrogen rates on sugarcane yield, plant and soil nitrogen — «=v-ororreeeereeeenes
.......................................................................................... YANG Wenting, LI Zhixian, SHU Lei, et al (6108)
Effect of wetting duration on nitrogen fixation of biological soil crusts in Shapotou, Northern China «:+etcerreeerrererersreneieieieieeene.
.......................................................................................... ZHANG Peng, LI Xinrong, HU Yigang, et al (6116)
Effects of zinc on the fruits’ quality of two eggplant varieties ~«=+=++=c-+- WANG Xiaojing, WANG Huimin, WANG Fei, et al (6125)

Rapid light-response curves of PS II chlorophyll fluorescence parameters in leaves of Salix leucopithecia subjected to cadmium-ion
GLIESS "+ rrrrrmennssneneaeneeaeea et e et e e et e e aa et ea e QIAN Yonggiang, ZHOU Xiaoxing, HAN Lei, et al (6134)
Physiological Response of Mirabilis jalapa Linn. to Lead Stress by FTIR Spectroscopy «+««=rterorsererersrscarrrcaeiereienneieaeieneeenene.
.......................................................................................... XUE Shengguo, ZHU Feng, YE Sheng, et al (6143)
Physiological response of Zoysia japonica to Cd> «+--=+eeerereereeneeenn LIU Junxiang, SUN Zhenyuan, JU Guansheng, et al (6149)
Biosorption of Cd** using the fruiting bodies of two macrofungi «:«++++eeseeesseeeeeees LI Weihuan, MENG Kai, LI Junfei, et al (6157)
Factors regulating recruitment of Microcystis from the sediments of the eutrophic Shanzai Reservoir ««+eseeeseseeeererreeeeereeneieneaeee.

....................................................................................... SU Yuplng s LIN Hui s ZHONG Houzhang ,et al (6167 )

.................................................................................... YANG Yaojun, LIU Chao, WANG Shufang, et al (6174)
Photoperiod influences diapause induction of Oriental Fruit Moth( Lepidoptera: Tortricidae) ««+«=tseseeresesrererererimenriiiieiateainen.
................................................................................................ HE Chao,MENG Quanke, HUA Lei, et al (6180)
Influence of edge effects on arthropods communities in agroforestry ecological systems =+rorrerersererererraeerrenerreiereiieeeennes
.......................................................................................... WANG Yang, WANG Gang, DU Yingqi,et al (6186)
Dynamics of land use and its ecosystem services in China’s megacities =+ +=++eseeeeeee CHENG Lin, LI Feng, DENG Huafeng (6194)
Comprehensive assessment of urban ecological risks: the case of Huaibei Cily «+++s+essssseessserssnsmmsanittiiiit it
.............................................................................. CHANG Hsiaofei, WANG Rusong, LI Zhengguo, et al (6204)
The dynamics of surface heat status of Tangshan City in 1993—2009  «+«rerererereeeeeees JTA Baoquan, QIU Erfa,CAI Chunju (6215)
A projection-pursuit based model for evaluating the resource-saving and environment-friendly society and its application to a case
i WHRAID  weeerrrererernrrrnerneeenereeteet e eteeeteeteereereees WANG Qiangian, ZHOU Jingxuan, LI Xiangmei, et al (6224)
Research on ecological barrier to Chang-Zhu-Tan metropolitan area  =+=++vc-c+ XIA Benan, WANG Fusheng, HOU Fangzhou (6231)
Optimization of urban land structure based on ecological green equivalent: a case study in Ningguo City, China —«-ecevoreererereeeeceees
................................................................................................... ZHAO Dan, LI Feng, WANG Rusong (6242)
Dynamic ecological footprint simulation and prediction based on ARIMA Model: a case study of Gansu Province, China =-+-:eveeeeeeee-
..................................................................................................................... ZHANG Bo, LIU Xiuli (6251)
Review and Monograph
A prospect for study on isolated wetland — =++--ssssssreesesante TIAN Xuezhi, LIU Jiping (6261)
Dinoflagellate heterotrophy «++++++++++ssssseessumttiiiit ittt SUN Jun, GUO Shujin (6270)
Research progress of microbial agents in ecological engineering +-+-+=-+-x---- WEN Ya,ZHAO Guozhu,ZHOU Chuanbin,et al (6287)
The progress of ecological civilization construction and its indicator system in China «+vcesseceresrereereenerernreiireieeiteeeee.

....................................................................................... BAI Yang’ HUANG Yuchi s WANG Min , et al (6295)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 YT 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

3l E FE20H (2011410 A) Vol. 31 No.20 2011
% L= <E§%Tﬁ>gﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn

Bk N iq,cl‘lengtraixueba()@ rcees. ac. cn
* i E R AR S dltOl'-.ll‘l-c ie HLI\-IG Long—\-x/e-l ‘
oL 2L A upervise y ina Association for Science and Technology
P hE AR S d by China A for S d Technol
7O

cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China

Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS

M L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press

Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,

MR B A . 100717 Beijing 100717, China
En Rl Je s AUARER Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China M 8

Hitik . AR FEIAR AL 16 5 Distributed by Science Press 2 N

EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o %

Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China L ===

-mail ; journal @ cspg. net Tel: (01064034563 P —

iT W 4 Hi ) Ee "(‘1 , : @ oo . o =2
ESh & T HhEEERE A S B WA JOUTETE ese. e )

Hih :”:f?‘ 399 {%%ﬁ Domestic All Local Post Offices in China 2 — )

mgﬂéﬁﬁ%:loooélét Foreign China International Book Trading 3 =E
IT&2E o o Corporation H N
¥ A SRS 8013 5 Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N 1AM O ERSIRFFEIT EN#E RS 82-7 E5&ITHS M670 E M 70.00 T

CN 11-2031/Q



	20fm+ml-zw.pdf
	stxb201106170820.pdf
	20ml-yw+fd.pdf



