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Validation and adaptability evaluation of rice growth model ORYZA2000 in
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Abstract: Crop model evaluation is a key and essential process in its application. Hunan province is one of the important
rice production areas dominated with double cropping rice in China. The rice growth model ORYZA2000 could be used to
simulate growth, development and yield formation of lowland rice under conditions of potential production, water limitation
and nitrogen limitation. Many studies focused on calibration and validation of ORYZA2000 on single rice, while few
validation studies have been made on double—cropping rice in China. To provide the reference for regional adaptation and
application of ORYZA2000 in Hunan province, the model was calibrated by the field data observed from three
agrometeorological stations ( Changde, 29°03'N, 111°41'E; Changsha, 28°12’'N, 113°05'E; Zixing, 25°59'N, 113°13’
E) with six varieties (early rice; XZX31, JY974 and JY402; late rice; YC893, XYSH and JY207) from 2000 to 2003,
and evaluated by the dataset from above stations with the same varieties in 2004 and 2005. The daily meteorological data

( maximum temperature, minimum temperature, sunshine hours, wind speed, vapor pressure, and precipitation) over the
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growing period of double cropping rice for the studied sites were used as driving variables in ORYZA2000 model.
Management measures and soil data including soil texture, saturated hydraulic conductivity, etc. were used as the input of
the model.

The parameters of development rate, partitioning of biomass, specific leaf area, leaf death coefficient, and relative
growth rate of leaves have been determined for the typical varieties of early and late rice in Hunan province. It was showed
that the development rate during juvenile phase (DVR]) and reproductive phase ( DVRR) , the partitioning parameters of
biomass from panicle to flowering, and the value of specific leaf area (SLA) in post-anthesis were different significantly
from the given value by the model. The calibrated parameters were reasonable and could reflect the biological characteristics
of double cropping rice varieties planted in the studied area.

By the comparison between simulated and measured values of development stage (flowering and maturity) , leaf area
index ( LAl'), total biomass, biomass for each organ, and grain yield, the simulation capacity and performance of
ORYZA2000 model were evaluated in double cropping rice area. The results showed that the model could simulate the
phenology of double cropping rice with 1—2 days’ difference for floral and mature stages. The normalized root mean square
errors (NRMSE) for LAI were both 24% , and that for total aboveground dry matter, dry weight of green leaves, dry weight
of stems, dry weight of storage organs and grain yield were 18% , 22% , 22% , 24% , 11% and 19% , 24% , 28% , 28% ,
16% for the early and late rice, respectively. These results showed that ORYZA2000 model could satisfactorily simulate the
dynamical process of growth, development and yield of double cropping rice. It was also found that there were large errors in
simulating LAl and biomass of green leaves, which needed to be further improved by revising the algorithm of the model. In
general , we could conclude that ORYZA2000 model was adaptable and could be applied in scenarios analysis study in

double cropping rice area of Hunan province.

Key Words: double cropping rice; ORYZA2000 model ; evaluation; Hunan province
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Table 1 Calibrated parameters of development rate for double cropping rice

fif Early rice fEi Late rice
s IR72 Al 31 Q}lﬁz 9Y74<’ 44k 402 Ak 893 ﬂj;;;t;t” : 411207
Developmental parameters - : : RN v £
XZX31 JY974 JY402 YC893 XYSH JY207

DVRJ 0.000773 0.003374 0.001329 0.001423 0.000792 0.001084 0.001093

DVRI 0.000758 0.000758 0.000758 0.000758 0.000758 0.000758 0.000758

DVRP 0.000784 0. 000759 0. 000759 0.000759 0.000795 0.000795 0.000795

DVRR 0.001784 0.003038 0.002711 0.002365 0.002237 0.002093 0.002268

x2 VWEBARREHHLLHERE
Table 2 Specific leaf area for double cropping rice in different stages
B HTE Early rice WEFE Late rice

DVS WA 31 XZX31 4974 Y974 4xff 402 JY402 R 893 YC893 Lt XYSH 44207 JY207
0.00 0.0045 0.0049 0.0045 0.0045 0.0046 0.0045
0.16 0.0045 0.0049 0.0045 0.0045 0.0046 0.0045
0.33 0.0035 0.0040 0.0034 0.0034 0.0043 0.0039
0.65 0.0030 0.0033 0.0033 0.0028 0.0037 0.0031
0.79 0.0025 0.0027 0.0026 0.0025 0.0031 0.0027
2.00 0.0021 0.0023 0.0022 0.0022 0.0022 0.0023
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Fig.1 Comparison of simulated and measured LAI for double cropping rice in Changsha
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Fig.2 Comparison between simulated and measured LAI for double cropping rice in Hunan (2000—2003)
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Fig.3 Comparison of simulated and measured biomass for double cropping rice in Changsha
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Fig.4 Comparison between simulated and measured above ground total biomass for double cropping rice (2000—2003)
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Fig.5 Validation on the simulated and measured days of flowering and maturity for double cropping rice (2004—2005)
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Wy R AU 24 8 % 2 T S IR S48, 2838 B TR 1—325 ke/hm? Z (8] ( WLVG 5/, WAGT %K) ; e F& % WSO
A, A A Wy s A E A (B A TSI E Y, PR3 A 22 YE I FE -66—407 kg/hm® Z (8] (WAGT fe/IN, WSO it
K)o BHRE o ZRILIERE R 0. 831—1. 035, ¥4 F 1, R* ¥R T 0. 80, [l A 7 R 2.3 (P<0.001) .
FREIH— 1607 MR 25 (NRMSE) #/NT 25% , Wi k& NRMSE #8/NT 30% o F FH b <7 5 36 1F %8 Rk %o A5 75 2 b
SEATRE S , 26 I 454 W i AR UL R 25 M 76 & BV LN, A i SR B UL R R AT
2.2.4 FEEEIE

YEYI = R B E K R B RS RIS B LA R, e & B L A5 S n] il & 3 % 14 43 i
RECEEDSEN A B WS X AR FE AT PR 1) — I B 2N 2%, R 3 il Rl 24 2
LAt LR R A e S AR AU 24 1 S A B R, WA AH 22 5300 237 kg/hm® BT 722 ke/hm? ¢ K
RZE R R, BRI RE AR e S G 2R (P<0.05), MIHAS o T 1, R 5518
0. 618 F10. 532, 2k mIAZUR 3% (P<0. 10) , RS IAEIH—Ib ¥ 5 R 25 (NRMSE) 50518 11% F116%
AU ST (RSO B 5 M RS O AT

http ; //www. ecologica. cn



16 #

TR AF KRR ORYZA2000 751 g XU X 59 9631k 165 0 P AR

4635

20000

15000

10000

5000

y = 406.52 + 0.9863x
R?=0.9343
N=

30

(@]
[ ]

20000 -

15000+

1 1 J

Simulated above ground total biomass/(kg/hm?)

0
0

Measured above ground total biomass/(kg/hm?)

5000

Simulated above ground total biomass/(kg/hm?) P

10000 15000 20000

- 11

y =-321.85 + 1.0353x

R?=0.9353
N =30

1 J

5000 10000 15000 20000

Measured above ground total biomass/(kg/hm?)

9000 12000

12000 - 12000~
% y =593.17 + 0.9031x % y = 335.59 + 1.0110x
2 9000  Re=0g381 . 2 9000r  Re=ogd1 4 4
% N=18 ® g N=18 °©
£ ’ £
o [ (=]
4 6000 5 6000
Q@ Q@
k=) 2
@ @
o o
B B
£ 3000 & 3000
=] >
S £
0 1 1 1 J 0 1 1 1
0 3000 6000 9000 12000 0 3000 6000
Measured panicle biomass/(kg/hm?) Measured panicle biomass/(kg/hm?)
Bl6 WEREEYERINES TNER ELIIE (2004—2005 4F)
Fig.6  Validation on the simulated and measured biomass for double cropping rice (2004—2005)

R3 WEME LA EYENTEEBES TNER ZHERR (2004—2005 4F)
Table 3 Statistical indicators of simulated and measured LAI, biomass and yield for double cropping rice (2004—2005)

YY) 7S Crop variable N Xy (SD) Xin(SD) P(t*) « B R RMSE ~ NRMSE/%
FLFE Early rice

T RS R 1AL 30 3.9(1.9) 3.5(1.8) 0.25 0.850 0.2 0.826 0.91 24
I SR WAGT/ (kg/hm?) 30 6986 (4665) 7311(4744) 0.40 0.986 407 0.937 1264 18
gAY WLVG/ (kg/hm?) 30 1392(751) 1393 (645) 0.50 0.806 261 0.849 306 22
£ WST/ (kg/hm?) 30 2235(1365) 2363 (1306) 0.36 0.907 325 0.882 500 22
AR WSO/ (kg/hm?) 18 4950(2712) 5097 (2654 ) 0.44 0.903 593 0.838 1182 24
774 Yield/ (kg/hm?) 6 7201(989) 7438 (1316) 0.37 1.046 -99 0.618 780 11
I/ Late rice

T RS R 1AL 30 4.2(2.2) 4.0(2.6) 0.37 1.090  -0.56  0.864 1.01 24
M- AR WAGT/ (kg/hm?) 30 7568(5194) 7502(5590) 0.48 1.035 -322 0.935 1461 19
gAY WLVG/ (kg/hm?) 30 1644 (812) 1469 (872) 0.21 0.970 -121 0.848 391 24
£ WST/ (kg/hm?) 30 2738(1831) 2439(1651) 0.25 0.831 158 0.851 780 28
AR W) WSO/ (kg/hm? ) 18 4806 (2769) 5213(3065) 0.34 1.011 336 0.840 1346 28
774 Yield/ (kg/hm?) 6 7143(1158) 6421(635) 0.11 1.331 -1401  0.532 1040 16

N REARRL X, R WL S48 5 X, Fo s BB I T A9MH ; SD FORARMERE s P(+* ) 7R ¢ KT ; o S BEADMEL 5 S 0 4 A 2 v [0 0
B A R* N YesE R B RMSE F/m A0 (E 5 STINE 3 5 iR 22 | NRMSE R 0 — b ¥R 22
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AW rE R SRR A AL BB RUE  ASVEY AR B R AT R UL 5 S — BobE Ay R e A
SRR AR RO A K R B AR R T G AR RV b AR LA sl AR ROURE B A 5 3 v 1 B
i 107 FH T R U R A 7=, AT Rtk — 25 1 AR TP Joe e R R 40 BT 2 7= A B S S S A 7 Ak R i F T 2 43t
CIEIE- ST

VEYIASERYTT DUy i fff A0 | - A5 R R 3 5 A 7 A8 B it PP A 2 3 R B i (R S i), LA
SRAHLIRPE RIS NV . T Al RGENTERY SR VR RL 1 N G 56 4 S W B A i 72 550G & R AUl 45
5 SR —E W m2E . B, VIR RIAR B g fp it — 20 ek 5 58 3%

FRT, RSB AL BRI 32 A 3 Fp 73k, B Logistic J7 B2 %E | HE R ( Ho b AR ) ik AT 5 2k
2 FE ORAZY2000 #EH | LAT A3 52T 2R T« b I T B SR A 400, AP Py i 2 v AR/
POE A W AR BUR S, T e RNE T X R AR K ST R R A B it R
SN R E , FEHME S S Z AR — i 1R 22, XU Z A S o v T B i A 4 e 4D 22
BRI, 6T 7R R R R K 43 3l A5 7 i 7 v R 4R RS RU BRI S 80U, 7 5
R +HEE A ROR T AR B A ok — 2 iR 2%,

>

References :

[ 1] Jing Q, Bouman B A M, Hengsdijk H, van Keulen H, Cao W. Exploring options to combine high yields with high nitrogen use efficiencies in
irrigated rice in China. European Journal of Agronomy, 2007, 26(2) . 166-177.

[2] GuoYQ, LiCD, Zhao C J, Guo X Y. Progresses and perspectives on maize cultivation theory and intelligence systems research. Journal of Maize
Sciences, 2005, 13(1): 95-98.

[ 3] Xiong W. Simulation of Climate Change on the Grain Production in China. Beijing: China Meteorological Press, 2009.

[ 4] Huang C, Wang T D. Computer simulation of biomass production in rice community. Acta Agronomica Sinica, 1986, 12(1) . 1-8.

[5] Feng DY, Xia HF. Numerical modelling of rice growth and yield formation. Journal of Nanjing Institute of Meteorology, 1987, 10(2) : 201-210.

[6] GaoLZ,JinZQ, Huang Y, Chen H, Li B B. Rice Cultivational Simulation-Optimization-Decision Making System. Beijing: Chinese Agricultural
Science and Technology Press, 1992.

[7] XueCY, Yang X G, Bouman B A M, Feng L. P, van Laar G, Wang H Q, Wang P, Wang Z M. Preliminary Approach on Adaptability of
ORYZA2000 Model for Aerobic Rice in Beijing Region. Acta Agronomica Sinica, 2005, 31(12) . 1567-1571.

[ 8] Feng Liping, Bouman B A M, Tuong T P. Exploring options to grow rice using less water in northern China using a modelling approach | . Field
experiments and model evaluation. Agricultural Water Management, 2007, 88, 1-13.

[9] LiYL, Cui YL, Li Y H. Validation and evaluation of ORYZA2000 under water and nitrogen limited conditions. Journal of Irrigation and
Drainage, 2005, 24(1) . 28-32.

[10] Shuai X Q, Wang SL, Ma Y P, Li Y C. Assessment of meteorologic condition effects and dynamic yield forecasting based on rice growth model.
Journal of Applied Meteorological Science, 2008, 19(1): 71-81.

[11] Bouman B A M, Kropff M J, Tuong T P, Wopereis M C S, Ten Berge H F M, van Laar H H, ORYZA2000: Modeling Lowland Rice. Los Bafios:
International Rice Research Institute, and Wageningen: Wageningen University and Research Centre, 2001 ; 235-235.

[12] Editorial Committee in National Survey of Soil. The Native Soil of China ( Volume Il). Beijing: China Agriculture Press, 1994.

[13] Bouman B A M, van Laar H H. Description and evaluation of the rice growth model ORYZA2000 under nitrogen-limited conditions. Agricultural
Systems, 2006, 87(3) : 249-273.

[14] Kobayashi K, Salam M U. Comparing simulated and measured values using mean squared deviation and its components. Agronomy Journal, 2000,

92(2): 345-352.

http ; //www. ecologica. cn



16 M BT A KAEATY ORYZA2000 78 i mE A2 FE X A 58 I -5 38 I PF 4637

[15] Gauch H G Jr, Gene Hwang J T, Fick G W. Model evaluation by comparison of model-based predictions and measured values. Agronomy Journal,
2003, 95, 1442-1446.

[16] YeHB, Meng Y L, Tang L, Zhu Y, Cao W X. A simulation study on leaf age and leaf area index in rice. Chinese Journal of Rice Science , 2008,
22(6) ; 625-630.

S 30k

] ERARYS, AR, REIL, TOHT. EARORERIIE KRR UOR R BTHER. FORE:, 2005, 13(1) : 95-98.
1 REMR. AR R E R A ROAAT T . dEaT . AL, 2009.
[4] ¥R, TRE. KRR FE S BT, /B2, 1986, 12(1): 1-8.
] HEE, B KRR Y R BER . B R BEFIR, 1987, 10(2) : 201-210.
] WRZ, &R, W, WA, M. KRR REABAR RS, duat. P EREHE L, 1992.
[7] BEES, B, Bouman B A M, BHIF, van Laar G, TALBL, TBE, TiEff. ORYZA2000 AFRUBDLb 5 st X5 (038 B PERIER. VEW)
4%, 2005, 31(12) ; 1567-1571.
[9] ZEWik, ik, Zimte. K-ABA R A0 T XK RE AT~ B% ORYZA2000 FY5E-SEM. HEKHEME2E4], 2005, 24 (1) . 28-32.
[10]  Uibanss, E47, BEF, W&, B TRREAE KSR I mPMPN R sl 8T0. HSR %R, 2008, 19(1) : 71-81.
[12] 2E‘HEEAPAE PEEME CE=4). dat: hERIE M, 1994
[16] w5, wUH, Hse, K, & DA, KREHE S BRSBTS, hEDKRERFE, 2008, 22(6) : 625-630.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.16 August,2011( Semimonthly )
CONTENTS

A comparative study on the diversity of rhizospheric bacteria community structure in constructed wetland and natural wetland

with reed domination — =ererssrrrrererreeiiii WANG Zhongqgiong, WANG Weidong, ZHU Guibing, et al (4489)
Light response of photosynthesisand its simulation in leaves of Prunus sibirica L. under different soil water conditions —=«=eseserereeeees
........................................................................... LANG Ying, ZHANG Guangcan ,ZHANG Zhengkun ,et al (4499 )
Effects of colour shading on the yield and main biochemical components of summer-autumn tea and spring tea in a hilly tea field ------
....................................................................................... QIN Zhimin, FU Xiaoqing, XTAO Runlin, et al (4509)
Effects of cadmium on the contents of phytohormones, photosynthetic performance and fluorescent characteristics in tobacco leaves
............................................................................................. WU Kun, WU Zhonghong, TAI Fuju, et al (4517)
Comparative physiological responses of cadmium stress on Enteromorpha clathrata and Enteromorpha linza «-:+--w=wseeeeereserereseeeeeeees
................................................................................. JIANG Heping, ZHENG Qingsong, ZHU Ming, et al (4525)

Effects of salt stress onglucosinolate contents in Arabidopsis thaliana and Thellungiella halophila rosette leaves +v+erevereecerreceereceene.
.......................................................................................... PANG Qiuying, CHEN Sixue, YU Tao, et al (4534)
Effects of long-term double-rice and green manure rotation on rice yield and soil organic matter in paddy field —+«+-coeeeeeeereeereenenes
.................................................................................... GAO Jusheng, CAO Weidong, 11 Dongchu, et al (4542)
Nitrogen balance in the farmland system based on water balance in Hetao irrigation district,Inner Mongolia — «ccerecererererereceeceeees
................................................................................................ DU Jun, YANG Peiling, LI Yunkai,et al (4549)
Seed characteristics and seedling growth of Spartina alterniflora on coastal wetland of North Jiangsu — srcerererereeersesraeiiiee..
.......................................................................................... XU Weiwei, WANG Guoxiang ,LIU Jin'e ,et al (4560)

Assessment of non-point source pollution export from Zigui county in the Three Gorges Reservoir area using the AnnAGNPS model --+---
.......................................................................................... TIAN Yaowu, HUANG Zhilin, XIAO Wenfa (4568)
Effects of Cadmium pollution on oxidative stress and metallothionein content in Pirata subpiraticus ( Araneae: Lycosidae) in
different habitals  «-+ere-rsesrrsrenereeeruneriermieenereerineerieenereneenns ZHANG Zhengtian, PANG Zhenling, XIA Min, et al (4579)
The distribution of size-fractionated chlorophyll a in the Indian Ocean South Equatorial Current =«=:+ecoreeesrsererereeeacanrcneiereeeen.
........................................................................... ZHOU Yadong, WANG Chunsheng, WANG Xiaogu, et al (4586)
Change of waterbird community structure after the intertidal mudflat reclamation in theYangtze River Mouth: a case study of
NanHui Donglan area  +-s«++ssssssseessesasesssteittiiiis i ZHANG Bin, YUAN Xiao, PEI Enle, et al (4599)
Application of fish assemblage integrity index( FAIT)in the environment quality assessment of surf zone of Yangtze River estuary -+
.............................................................................. MAO Chengze, ZHONG Junsheng, JIANG Rijin, et al (4609)

Population age structure of Antarctic krill Euphausia superba off the northern Antarctic Peninsula based on fishery survey -«+coeoeeeeee

.................................................................................... 7ZHU Guoping, WU Qiang, FENG Chunlei, et al (4620)

Validation and adaptability evaluation of rice growth model ORYZA2000 in double cropping rice area of Hunan Province ««+-+=:+e+----
.................................................................................... MO Zhihong, FENG Liping, ZOU Haiping, et al (4628)
Coupled energy and carbon balance analysis under dryland tillage syStems — =««+ssssessssserssmmmsanmtmsiite it
....................................................................................... WANG Xiaobin, WANG Yan, DAI Kuai, et al (4638)
The nitrate-nitrogen leachingamount in paddy winter-spring fallow period — =cocerorereeeeeeees WANG Yongsheng, YANG Shiqgi (4653)
The sources of organic carbon and nitrogen in sediment of Taihu Lake -+ NI Zhaokui, LI Yuejin, WANG Shengrui, et al (4661)
Effect of partial solar eclipse on airborneculturable bacterial community in Urumgi —ceoeseeereeesrsesersrsesesieniiiiiiieee,
................................................................................................ MA Jing, SUN Jian, ZHANG Tao, et al (4671)
Comparative study on density related intra- and inter-specific effects in Laodelphax striatellus (Fallen) and Nilaparvata lugens
(SEAL) =vvvreesssmmnmrees ittt LU Jin, CAO Tingting, WANG Liping, et al (4680)
Behavior rthythm and seasonal variation of time budget of sun bear ( Helarctos malayanus) in caplivity —+eseseeesesrsrseseeeeeeeaanain.
.................................................................................... LAN Cunzi, LIU Zhensheng, WANG Aishan, et al (4689)
Disturbance regimes and gaps characteristics of the desert riparian forest at the middle reaches of Tarim River «-:eeeeeereeererereeeeeeeee
.......................................................................................... HAN Lu, WANG Haizhen, CHEN Jiali, et al (4699)

Death causes and conservation strategies of the annual regenerated seedlings of rare plant, Bretschneidera sinensis «=«++=rsetrerereeceees
.......................................................................................... QIAO Qi, QIN Xinsheng, XING Fuwu, et al (4709)

Effects of municipal compost extracted complex microbial communities on physio-ecological characteristics of turfgrass under

AIOUGRL SLIESS +++++essssreessnsee s st e ettt DUO Lian, WANG Jingjing, ZHAO Shulan (4717)
Spatiotemporal relationship of leaf area index simulated by CLM3.0-DGVM and climatic factors «+eceeeeeeeerrecsererneemieniieieeen.
............................................................................................................... SHAO Pu, ZENG Xiaodong (4725)
Analysis of circular economy of Liaoning Province based on eco-efficiency -+--+ HAN Ruiling, TONG Lianjun, SONG Yanan (4732)
Review and Monograph
The fungal to bacterial ratio in soil food webs, and its measurement :+eceveveeeeeeees CAO Zhiping, LI Depeng, HAN Xuemei (4741)
Indicators for evaluating sustainable communities; a review «=«+=+=es=ceeeeee ZHOU Chuanbin, DAT Xin, WANG Rusong, et al (4749)
Discussion
Differential expression of PAL multigene family in allelopathic rice and its counterpart exposed to stressful conditions — =r-=rerereeeeeeee-
................................................................................. FANG Changxun, WANG Qingshui, YU Yan, et al (4760)
Scientific Note
Ecology study on the benthic animals of QinZhou Bay «-c+eoreeererererereeieeeaeiieieieeeee. WANG Di,CHEN Pimao,MA Yuan (4768)
Change characteristics of soil carbon and nitrogen contents in the Yellow River Delta soil after artificial restoration = +-+-r-ererereeeeceees
.................................................................................... DONG Kaikai, WANG Hui, YANG Liyuan, et al (4778)
Estimation and spatial pattern analysis of forest biomass in Fenglin Nature Reserve based on Geostatistics «recerrererersreseseeesereeeene.
....................................................................................... LIU Xiaomei, BU Rencang, DENG Huawei, et al (4783)
Study on sap flow in forest of Quercus liaotungensis and Populus davidiana by using the TDP method «-+-c-vrecerermrereeerereereenene.
.......................................................................................... SUI Xuhong, ZHANG Jianjun, WEN Wanrong (4791)

N, O Emission and its driving factors from typical marsh and shrub swamp in Xiaoxing’an Mountains, Northeast China «-++steeeeeees

................................................................................. SHI Lanying, MU Changcheng, TIAN Xinmin, et al (4799)



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 F1eW (2011 4F8 H) Vol.31 No.16 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 ‘
fo ML LA upervise y ina Association for Science and Technology
B 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 L e—
Hitik . AR FEIAR AL 16 5 Distributed by Science Press 'g ——
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China N -
-mail ; journal @ cspg. net Tel: (01064034563 P —
iT W 4 Hi ) Ee "(‘1 , : @ oo . o =2
EsEIT HEERRE RS A WA JOUTETE ese. e T =0
HiE . L ET 399 {%%ﬁ Domestic All Local Post Offices in China 2 —
AL K ) ) ) » =———o
ol ER R Foreign China International Book Trading —
TEZEE ?Fffig;g?’?‘i‘lSO]fy o Corporation ) S =t
¥ oA ogE R R v 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



	fm.pdf
	ml-z.pdf
	ml-y.pdf
	16fd.pdf

