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Root morphological and physiological responses of rice seedlings with different

tolerance to cadmium stress
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Abstract: Heavy metal pollution has received increasing attention duo to the public awareness of environmental issues.
Cadmium (Cd) , a divalent heavy metal cation, is one of the most toxic environmental pollutants with noknown physiological
function, which could cause serious problems to plants, animals and human being. Toxic levels of Cd may be come up by
contaminated soil containing abundant Cd, by agricultural manufacturing, mining, smelting, atmospheric deposition and
other waste disposal practices, or by use of metal-containing pesticides and fertilizers in agricultural soils. In higher plants,
roots may be the first organs contacting to the toxic metal ions during their absorbing process, therefore, roots usually
response firstly to the toxic metal ions if there is any than do shoots. However, there are little studies dealing with the
toxicity and mechanisms behind Cd tolerance concerning the root. The objective of the present study was to investigate the
root morphology, physiological and ecological responses of rice root to cadmium stress. Two rice ( Oryza sativa L. )
cultivars, differing markedly in Cd tolerance, Xiushui 09 ( Cd-tolerant genotype) and Xiushui 63 ( Cd-sensitive genotype) ,
were adopted in the solution culture experiments. Seedlings were selected for uniformity and cultivated in IRRI's nutrient
solution. Cadmium with 7 concentrations of 0 (the control), 1, 5, 10, 25, 50, and 100 pwmol/L Cd in the form of CdCI,
(calculated according to pure Cd) was added to the nutrient solution (pH 5.0) at 5-leaf stage of rice seedling. In the
experiments, each treatment was replicated three times, and the nutrient solution was renewed every 4 days. After 12 days

of cultivation, rice roots were sampled and root morphology, root biomass, root activities, content of proline and
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malondialdehyde ( MDA ) , the activities of superoxide dismutase ( SOD), peroxidase (POD) and catalase ( CAT) were
determined. The results showed that Cd concentration higher than 5 pmol/L in the solution inhibited root growth, while Cd
concentration lower than 5 pmol/L in the solution did not affect the total root length, root surface area, root volume, root
dry weight and root activities. And Cd of 1 pwmol/L showed a slight stimulatory effects. Compared to Xiushui 09, cultivar
Xiushui 63 had more pronounced inhibition effect in root growth and root activity under Cd supply. These root morphology
parameters, root dry weight and root activities of Xiushui 63 and Xiushui 09 were significantly decreased under 10 pmol/L
and 25 pmol/L Cd, respectively. In both cultivars compared with their corresponding control, the proline content and
activities of SOD and POD were significantly enhanced with the increasing of Cd concentrations from 0 to 100 wmol/L in the
nutrient solution. Meanwhile, as Cd concentration varied from 0 to 100 pmol/L, MDA accumulation was enhanced notably,
and the activity of CAT in roots increased at first and then decreased as the Cd concentration beyond 10 pmol/L, and being
more pronounced effect in Xiushui 63 than in Xiushui 09. As an index of lipid peroxidation, the higher MDA content in the
cultivar Xiushui 63 indicated the occurrence of more severe oxidative stress under Cd stress. In conclusion, Cd had obvious
toxicity to rice roots, and there was significant different response to Cd between Xiushui 09 and Xiushui 63. The

physiological characteristics of rice root responding to Cd might be important factors for the tolerance of cultivars.

Key Words: cadmium; rice; root morphology; root activity; antioxidant enzyme
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A KRN MR R S AR T S EET Y (HXAR R A A SR IR IE AN £, MR R R I
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Table 1 Effect of Cd on root length, root surface area, root volume and dry weight of different rice cultivars

e FLER (e H6) HATTB /(e /) UL (/) BT o/ )
e root length root surface area root volume dry weight
Cd concentration
/(umol/LL) %7K 63 77K 09 %7K 63 77K 09 77K 63 757K 09 757K 63 757K 09
Xiushui 63 Xiushui 09 Xiushui 63 Xiushui 09 Xiushui 63 Xiushui 09 Xiushui 63 Xiushui 09
CK 1077.98a 1126.03b 165.71a 173.68hb 1.92a 1.86a 0.334a 0.322a
1 1163.39a 1257.29a 176.70a 190. 62a 2.03a 1.98a 0.339a 0.333a
5 1023. 85a 1110.59b 159.36a 173.00b 1.84a 1.84a 0.312a 0.314a
10 955.11b 1058.47h 148. 04b 166.07h 1.67b 1.72a 0.288b 0.299a
25 845.36¢ 921.34c¢ 134.99¢ 145.99¢ 1.49¢ 1.57b 0.265¢ 0.276b
50 716.62d 849.30¢ 100. 60d 132.11d 1.22d 1.36¢ 0.223d 0.249¢
100 489.48e 678.56d 75.11e 106. 14e 0.85e 1.10d 0.167e 0.209d

[l —F Bl I i AN ) 7 RE R R 22 53 18 B EKE (P < 0.05)

2.2 Cd B xR AL AR 236 1 52
AT AT, BE Cd v B G, P 7K RS & Rl 4l B 2R 35 0 2 3 I R AR vk B 4 0 o vk R B L A
1pmol/L Cd BB T, 57K 63 FIF57K 09 4l AR 16 77 5 % R L 38 prsigm B 22 AR % (P >0.05), 4
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Fig. 1 Effects of different Cd concentrations on root activity of rice Fig. 2 Effects of different Cd concentrations on the content of

proline in rice roots
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IKAEAMRZR T MDA a2 B EH, 768 1 pmol/L Cd Ji f.‘, % ) é IR ENER\ N
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7k 63 RIS EIL BTk 09 T K i Coconcentontumolty

2.5 Cd A Xtk R4 v Z 0 A B M Y 52 e

WK 4 Fron, Cd Bra T 7K 63 FF5K 09 # &
SOD {FPE SRR FIHE#E,  Cd =5 pmol/L K}, SOD
TP = X R BN SRR L, ZE AR 50 pumol /L
Cd MHE T, 757K 09 F1F57K 63 Ml SOD o] .22 5 . 7E 100 wmol/L Cd AT , 757K 63 Hrf SOD i P:4A
TR PR ] 22 S AR R E K (P <0.01)

K5 =M K FEAR 2 POD I P BE Cd A3 B2 (%) 488 5 1T B S 385 (L3 s Bt (R A7 AE B dd 2 5
SETE Cd=50 pmol/L AT , 757K 09 #RH1AY POD G PEHI = T 757K 63(P <0.01) . Bl Cd AbHRE R

B3 AEIRE CdXKFELHEIRF MDA &8RS
Fig. 3 Effects of different Cd concentrations on the contents of

MDA in rice roots

http : //www. ecologica. cn



526 LA E = 31 %

Hahn, F57K 63 FFEK 09 A H CAT G LRI K 300
SR NE AR, 725 pmol/L Cd i mf , 5K 63 —e— K09
FRZR CAT 1% M d5e g, 560 BRURH L3S Jn 22. 64.% 5 1T 75 7K
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£ 25 pmol/L 150 wmol/L Cd 3 i, B A T % B
(P<0.05), 2 A EE 24 Cd=10 wmol/L i, F 7K
09 R & H CAT i PE & T 55K 63(P <0.01) ol
2.6 Cd b 3§ K RSN AR R 9 SOD/POD Fil SOD/ i ooty
CAT LB AH 15200

P IE SOD/CAT . SOD/POD M 1, N 2 A UH 4 FERE Cd3KIELHEIRZR SOD FIER M
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SOD/POD ) Fu A5 T REAH L TG BA f 22 5% , 17 SOD/CAT
FEAEAE IR B T 25 57, 3R vk B T B b o 0 B e Bl 2 5K 63,
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Fig. 5 Effects of different Cd concentrations on POD (A) and CAT (B) activities in rice roots

x2 AEKE CdKFELHEIRFR SOD/CAT #1 SOD/POD Lk EHIF M
Table 2 Effects of different Cd concentrations on ratios of SOD/CAT and SOD/POD in rice roots

Cd e SOD/CAT SOD/POD
Cd concentration/ ( mol/L) 757K 63 Xiushui 63 757K 09 Xiushui 09 77K 63 Xiushui 63 757K 09 Xiushui 09
CK 1.00e 1.00d 1.00a 1.00a
1 0.99¢ 1.07d 1.03a 1.08a
5 0.97¢ 1.10d 1.05a 1.11a
10 1.18d 1.05d 1.07a 1.04a
25 1.35¢ 1. 16¢ 1.07a 1.01a
50 2.31b 1.57b 1.04a 0.97a
100 2.90a 2.0la 0.92a 0.94a
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e (R R L R AR BE O R S ) AT S5 SRR, Cd Wt 51 75 7K 63 F 757K 09 AR il 2 R A B B
BRI Cd e i 1 AR RN, K B SR I 2R T 5 IR T R A R AR BT S AR (998 05 T AR
P AR TS S RS X SRR g AR 25 e — 20 A F R R, Cd Wl R R
PR N Il R & AR 2 T Cd AR A Y mRNA A9 10 s, 24 Cd=50 pmol/L i}, 757K 63
(R 2R 2 B A P B e, URIIE MR B2 Cd P38 T I 2RS4 B Pl B AR R FEBR A, PRI, Cd 3 T AR
FARAP I R GG R SR & B 22 S 2 KRS AN Cd 22 SR AR BEML 22— |

References:

[1] CuiY]J, ZhaoZ Q, Liu W J, Chen S B, Zhu Y G. Transfer of cadmium through soil-plant-human continuum and its affecting factors. Acta
Ecologica Sinica, 2003, 23(10) : 2133-2143.

[2] Hel]Y,ZhuC, RenYF, Yan Y P, Jiang D A. Genotypic variation in grain cadmium concentration of lowland rice. Journal of Plant Nutrition and
Soil Science, 2006, 169 711-716.

[ 3] Sanita di Toppi L, Gabbrielli R. Response to cadmium in higher plants. Environmental and Experimental Botany, 1999, 41, 105-130.

http : //www. ecologica. cn



528 LA E = 31 %

(9]
[10]

[11]

[21]

[22]

[24]

[25]

[26]

Ouariti O, Gouia H, Ghorbal M H. Responses of bean and tomato plants to cadmium; Growth, mineral nutrition and nitrate reduction. Plant
Physiology and Biochemistry, 1997, 35 347-354.

Hall J L. Cellular mechanisms for heavy metal detoxification and tolerance. Journal of Experimental Botany, 2002, 53(366) ; 1-11.

Ekmek¢i Y, Tanyolag D, Ayhan B. Effects of cadmium on antioxidant enzyme and photosynthetic activities in leaves of two maize cultivars. Journal
of Plant Physiology, 2008, 165(6) : 600-611.

Ghnaya T, Nouairi I, Slama I, Messedi D, Grignon C, Abdelly C, Ghorbel M H. Cadmium effects on growth and mineral nutrition of two
halophytes ; Sesuvium portulacastrum and Mesembryanthemum crystallinum. Journal of Plant Physiology, 2005, 162(10) : 133-140.

LiTQ, Yang X E, Lu L L, Islam E, He Z L. Effects of zinc and cadmium interactions on root morphology and metal translocation in a
hyperaccumulating species under hydroponic conditions. Journal of Hazardous Materials, 2009, 169 734-741.

LiF, LiMY, Pan X H, Zhu A F. Biochemical and physiological characteristics in seedlings roots of different rice cultivars under low phosphorus
stress. Chinese Journal of Rice Science, 2004, 18(1) ; 48-52.

Zhang E H, Zhang X H, Wang H Z. Adaptable effects of phosphorus stress on different genotypes of faba-bean. Acta Ecologica Sinica, 2004, 24
(8): 1589-1593.

Song Y F, Xu H X, Ren L P, Gong P, Zhou Q X. Eco-toxicological effects of heavy metals on the inhibition of seed germination and root
elongation of Chinese cabbages in soils. Chinese Journal of Environmental Science, 2002, 23(1) . 103-107.

NiCY, Li H, Luo Y M, Chen Y X. The influence of copper, cadmium and their combined pollution on ultrastructure of Commelina bengalensis
Linn. Acta Scientiae Circumstantiae, 2004, 24 (2) ; 343-348.

Fusconi A, Galloa C, Camusso W. Effects of cadmium on root apical meristems of Pisum sativum L. : Cell viability, cell proliferation and
microtubule pattern as suitable markers for assessment of stress pollution. Mutation Research, 2007, 632 9-19.

Cheng W D, Zhang G P, Yao H G, Zhang H M. Genotypic difference of germination and early seedling growth in response to Cd stress and its
relation to Cd accumulation. Journal of Plant Nutrition, 2008, 31(4) . 702-715.

Zeng F, Mao Y, Cheng W, Wu F, Zhang G. Genotypic and environmental variation in chromium, cadmium and lead concentrations in rice.
Environmental Pollution,2008, 153(2) : 309-314.

Zhang Z L., Qu W J. Experimental Guiding of Plant Physiology. Beijing: Higher Education Press, 2003 36-38, 67-70, 258-260.

Shah K, Kumar R G, Verma S, Dubey R S. Effect of cadmium on lipid peroxidation, superoxide anion generation and activities of antioxidant
enzymes in growing rice seedlings. Plant Science, 2001, 161, 1135-1144.

Zhang L, Li ] M, Wang H X. Physiological and ecological responses of wheat ( Triticum aestivm L. ) root to cadmium stress. Chinese Journal of
Soil Science, 2002, 33(1): 61-65.

Lin RZ, Wang X R, Luo Y, Du W C, Guo HY, Yin D Q. Effects of soil cadmium on growth, oxidative stress and antioxidant system in wheat
seedlings ( Triticum aestivum L. ). Chemosphere, 2007, 69(1) ; 89-98.

Duan C Q, Wang H X, Qu Z X. Studies on the effects of heavy metals on the contents of nucleic acids and activities of nucleases in the root tips
of Vicia faba. Chinese Journal of Environmental Science, 1992, 13(5) . 31-35.

Shao G S, Muhammad J H, Zhang X F, Zhang G P. Effects of cadmium stress on plant growth and antioxidative enzyme system in different rice
genotypes. Chinese Journal of Rice Science, 2004, 18(3) : 239-244.

Wu F 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 67-78.

Luo L X, Sun T H, Jin Y H. Accumulation of superoxide radical in wheat leaves under cadmium stress. Acta Scientiae Circumstantiae, 1998, 18
(5): 495-499.

Dinakar N, Nagajyothi P C, Suresh S, Udaykiran Y, Damodharam T. Phytotoxicity of cadmium on protein, proline and antioxidant enzyme
activities in growing Arachis hypogaea L. seedlings. Journal of Environmental Sciences, 2008, 20(2) : 199-206.

Qin G Q, Yan C L, Wei L L. Effect of cadmium stress on the contents of tannin, soluble sugar and proline in Kandelia candel (L.) Druce
seedlings. Acta Ecologica Sinica, 2006, 26(10) : 3366-3371.

Chakravarty B, Srivastava S. Effects of genotype and explant during in vitro response to cadmium stress and variation in protein and proline contents

in linseed. Annals of Botany, 1997, 79 . 487-491.

S 3k

EER, &Rk, XS, Hits, RRE. e TR - NERG P TR R L KT A2, 2003, 23(10) ; 2133-2143.
2R, RS, TRIDEAE ) R ORIRI KRR S Rl 4 B L B 0 AR FR 2R B AR AR, HEDKRERRA:, 2004, 18 (1) : 48-52.
SR, SR, FHEE. RSN G H N0 A0S B RN . A 2ER, 2004, 24(8) ¢ 1589-1593.

KEF, VR, M, 27, FA R, ERESEX A SER T & 2E SR M KIS0 E S RN, R, 2002, 23(1):
103-107.

BaADE, 2ot BRI, BRDEE. 4R 55 N HAS T A R v S 20 R s M A S . BRBE R 24 I, 2004, 24(2) ; 343-348.

TR, B, MY AEMAARIE S, dUat. MEHHE IR, 2003, 36-38, 67-70, 258-260.

IRE, ARG, FHAL. FARA T NERR BRI A SR, HEEER, 2002, 33(1): 61-65.

B ERE, FMule, M. 48X TR T (Vicia faba) FRASIIILIR B i BAZRREHG M2 W IFoE. REERE, 1992, 13(5) : 31-35.
BB, Muhammad J H, FE75 4%, SKESE. SEMRE XA FKRERE R R bR AE K MPLELBE R SRy, b EKRERL 2, 2004, 18(3) .
239-244.

BALH, PMEHT, Wi AR fREE R NEM AR T A AR B, SRR, 1998, 18 (5) . 495-499.

TORER, REE, FHA. BOMG N ST A RN 2R S AT Cd A R R, Az SRR, 2006, 26(10) : 3366-3371.

http : //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.2 January,2011( Semimonthly )
CONTENTS

Sex ratio and spatial pattern in Populus davidiana in Changbai Mountain ---+-+ PAN Chunfang, ZHAO Xiuhai,XIA Fucai,et al (297)
The relationship between freeze-tolerance and changes in activities of antioxidant enzymes and osmolyte content in the leaves of
white clover during early winter freeze-thaw cycles «+-c=cseeorerreeeeeeeeenens ZHAO Mei, ZHOU Ruilian, LIU Jianfang,et al (306)
Gray correlation analysis on naturalness of the primary forest types on the Losses Plateau «=+oreerereeerreeerrecseieieiieieiiiiee..
....................................................................................... WANG Naijiang’ LIU Zengwen, XU Zhao’et al (316)
Photosynthetical responses of Gracilaria lemaneiformis to two antibiotics — «+++-* JIAN Jianbo, ZOU Dinghui, LIU Wenhua,et al (326)
Litter C:N:P ecological stoichiometry character of plant communities in typical Karst Peak-Cluster Depression = +eseseseeesreeeeseeeeeeees
.......................................................................................... PAN Fu]lng s ZHANG Wel s WANG Kelin s et al (335 )
Effects of groundwater depth on the gas exchange and chlorophyll fluorescence of Populus euphratica in the lower reaches of
R CHEN Yapeng, CHEN Yaning, XU Changchun, et al (344)
Monitoring and assessment of vegetation variation in Northern Shaanxi based on MODIS/NDVI = ceeeeeeeeerrereerenreenenreenniieiieineiene.
....................................................................................... SONG Fuqiang’ XING Kaixiong’ LIU Yang,et al (354)
Effects of fire on the structure of herbage synusia vegetation in desertified steppe, North China -+roreerererrrrerreerrreiirieenee.e.
............................................................................................. HE Haoyu, SU Jiegiong, HUANG Lei,et al (364)
Physiological responses of four broadleaved seedlings to drought stress simulated by PEG «-cccocreeeeeeeeneenreaiiiiieiiiien...
.......................................................................................... FENG Huifang’ XUE Ll, REN Xiangrong’et al (371 )
Effects of the different width of urban green belts on the temperature and humidity —-r-errereeerrmrrmeeme e
................................................................................................ ZHU Chunyang, LI Shuhua, JI Peng, et al (383)
Diversity of waterbirds and change in home range of bar-headed geese Anser indicus during breeding period at Hangcuo Lake of
Tibet’ China ............................................................... ZHANG Guogang, I‘IU Dongping’ QIAN Fawen ,et a] (395)
The habitat selection of Giant panda in Wanglang Nature Reserve, Sichuan Province, China r--rrseeereremrrrereeeererciiieeeneeeene.
.......................................................................................... KANG Dongwei, KANG Wen, TAN Liuyi,et al (401)
Effects of vigilance on the patterns of functional responses of foraging in voles ( Microtus fortis) =xeceseseersereerseseerereeseeeiaeanns
.................................................................................... TAO Shuanglun s YANG leu s DENG Kaidong s et al (410)
Influence of heavy metal pollution on soil animal community in Luqgiao, Taizhou City -+ BAI Yi, SHI Shidi, QI Xin,et al (421)
Annual quantitative distribution of meiofauna in relation to sediment environment in Qingdao Bay — «-creorererereesrereereaeaeiiiieieeee..

............................................................................................. DU Yongfen, XU Kuidong, LEI Yanli,et al (431)

...................................................................................... WANG Peixin, BAI Junjie, HU Yinchang, et al (441)
Contribution of C; and C, host plants for the overwintering and 1 generation of Helicoverpa armigera (Hiibner) in Northern China -+
............................................................................................................... YE Lefu,FU Xue, GE Feng (449)
Relationships between two species of insect pests and their natural enemies in tea gardens of three different altitudes — ««+e-everereresees
....................................................................................... BI Shoudong, KE Shengbing, XU Jinfeng, et al (455)
The diversity of ground-dwelling beetles at cultivated land and restored habitats on the Bashang plateau «-:-eoveeerereereereereaeaeieeeeee.
.................................................................................... LIU Yunhui, YU Zhenmng, WANG Changliu,et al (465)
Characteristics of soil microbial communities under dry and wet condition in Zoige alpine wetland —+e+ocoereeerreeaesereneiiieiiennene.
................................................................................................ NIU Jia, ZHOU Xiaoqi, JIANG Na,et al (474)
Microbial diversity of the jujube( Zizyphus jujuba Mill. ) fruits surface during harvesting and storage stages +*+++*+** SHA Yuexia (483)
Effects of powdery mildew infection on zucchini growth under elevated CO, and temperature — «e+eseeeseseersereereereerereenieeineenee
.................................................................................... LIU Junzhi, GE Yaming, Pug]iese Massimo, et al (49])
Impacts of arbuscular mycorrhizal fungi on soil aggregation dynamics of neutral purple soil = =r=erererrerersrrecarrrieerenereeeennes
............................................................................................. PENG Sili, SHEN Hong, YUAN Junji,et al (498)
The bacterial community structures in Xinjiang fault belt spring analyzed by PCR-DGGE «xceceereeeeeeenereeniiiieiieiiiieiiiiiee.
.......................................................................................... WU Jiangchao, GAO Xiaoqi, 7ZENG Jun, et al (5()6)
The impaCt Of Oll pOHu’[lOH on marine phytoplankton Community growth Change ..................................................................
........................................................................... HUANG Yijun, CHEN Quanzhen, ZENG Jiangning, et al (513)
Root morphological and physiological responses of rice seedlings with different tolerance to cadmium stress «=«seseeerreeeesereneereneeeee.
.................................................................................... HE Junyu, REN Yanfang, WANG Yangyang, et al (522)
Non-point pollution control for landscape conservation analysis based on CLUE-S simulations in Miyun County =r=esesesereeeeseeneeeees
............................................................................................. PAN Ying, LIU Yunhui, WANG Jing, et al (529)
Analysis on ecological land rent based on ecological footprint «+«+eserererererererereeens LONG Kaisheng, CHEN Ligen,ZHAO Yali (538)
Relationship of vegetation degradation classification and landscape accessibility classification in Shenzhen =+:ceeeeeeerereeerreeeiieeeen.
................................................................................................ LIU Yufan, CHEN Xue, LI Guicai, et al (547)
Review and Monograph
Risk management approaches for environmental and human health risks in the United States and Canada — =+:seserererereeerereereneeeens
.................................................................................................................. HE Guizhen, LU Yonglong (556)
Plant wax and its response to environmental conditions; an overview :csceececeeees LI Jingjing, HUANG Junhua, XIE Shucheng (565)
Acid corrosion mechanism of the sulfate-reducing bacteria and protecting studies in oilfield «-«=cseeeerermereemreeeeerenneiiiieen...
............................................................................................. ZHUANG Wen, CHU Liye , SHAO Hongbo (575)
Advance in the research of phyllospheric microorganism =«-:xecorrerererrereerereenens PAN Jiangang, HU Qing, QI Hongyan,et al (583)



2009 EEEYFR B WSSOI EFET 10 ZHF*
(PR 2010 4= CSTPCD HidE )% )

=2
e P ol cinion | s VTl et v
1 ERER 11764 1 ERER 1.812
2 N A: A 2R 9430 2 Y 1.771
3 MY RS 25 4384 3 A AR 1.733
4 B k7/ 2 4177 4 G/ EZ2 2 1.553
5 HERPIRE 4048 5 HERFIE 1.396
6 M PR 3362 6 [iilo-E7E2ir 0.986
7 gﬁiiﬁl OOLFOE\;TEGRATIVE 3327 7 BAE 0. 894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKHE Y24 1773 9 ELY /e 0.841
10 BHEFER 1667 10 DL/ 0.809

* (AR 2009 AETEAZ LKLY 1964 FhEMSE I RIHEF h S5 IR 11764 K, £ EHERE 1; FHHE
F1.812, = EHERE 14,55 1—9 JmiELE 9 AR EEFAS 2R A ERE R0

REREE. fLais PUTHE: XIRE B 9%
5 & F R ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) . v S di
CEATI 1981 43 A1) (Semimonthly , Started in 1981)
H3E FE28 (20114F1 H) Vol.31 No.2 2011

4 B (R AR
Mtk b g XN I 18 5
Ml B 2 1% . 100085
3% : (010) 62941099

Edited by Editorial board of
ACTA ECOLOGICA SINICA
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

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

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

iy
= H"Tk% s “ L A Editor-in-chief FENG Zong-Wei
F & TPEPEADE °
§aLas A Supervised by China Association for Science and Technolo,
M y e
b Rl IZJE/:—E/L»HPE;LH%EP‘L\ Sponsored by Ecological Society of China
Hudk . b ST IE X A % 18 5 Research Center for Eco-environmental Sciences, CAS
I 1B 2 A5 - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
; Published by Science Press
H 4 4 % g3 it
ik R AR IR L AT 16 5 Add:16 Donghuangchenggen North Street,
il B i . 100717 Beijing 100717, China
Ep Rl b AREI R Printed by Beijing Bei Lin Printing House,
x 1T # 4 2 K & Beijing 100083 , China A
Hihk . ZR AR L 16 5 Distributed by Science Press 52 (=
Hﬂgﬁéﬁﬂ :100717 Add ;16 Donghuangchenggen North o %
HL ik :1(010)6;2)34563 Street, Beijing 100717 , China L ===
E-mail; journal @ cspg. net . =
1T M 2EAHIR) el (.?1.0)64?34563 g =0
EISMEAT o EERE 155057 24 Do e vl - ==
ﬂﬂiﬂ: :“3/'?\ 399 1;:1‘5 omf:s 1c ' oca nsti, 1ces 1n 1n"51 5 _g
BB 565 . 100044 Foreign China International Book Trading pr——————1
ITEEE PO TR o Corporation L =’y:
wowr gp LR R 8013 Add:P. 0. Box 399 Beijing 100044 , China o
jing
ISSN 1000-0933 N s 1= NP — —
AN 11 Ana1 s = A\ T = - TN I . JC
d RNATF & EREE RS 827 ESMEATR S M670 # 70. 00

CN 11-2031/Q



	02fm+ml.pdf
	20110226.pdf
	02fd.pdf



