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Effects of P-efficient transgenic soybean on rhizosphere microbial community
JIN Lingbo, ZHOU Feng, YAO Juan, JIANG Dagang, MEI Mantong, MU Hong "
Environmental Safety Monitoring and Testing Center for Genetically-Modified Plants and Microorganisms Used in Plants ( Guangzhou ), Ministry of

Agriculture, South China Agricultural University, Guangzhou 510642, China

Abstract: Farming is faced with the problems of excessive fertilizer use and the reduction of nutrient use efficiency.
Phosphorus is one of the macronutrients necessary for plant growth and development. However, phosphorus is usually
immobilized by organic substances or oxidized surfaces of iron-aluminum, and exists in the form of organic or inorganic
phosphorus, which makes uptake from most soils difficult. It is well known that acid phosphatase increases the use
efficiency of organic phosphorus by releasing inorganic phosphorus from organic phosphorus such as phytate. AtPAP15
encodes a purple acid phosphatase, which has been observed to have phytase activity, in Arabidopsis thaliana. AtPAP15
was over-expressed in transgenic soybean AP15-1 and its expression product was secreted into the rhizosphere because of the
presence of a carrot extension gene signal peptide, and thus enhanced use of soil organic phosphorus. Previously, there
have not been many reports of research concerning the effects of such nutrient-efficient transgenic plants on soil ecology. In
this study, the effects of P-efficient transgenic soybean AP15-1 on soil ecology, especially on the rhizosphere microbial
community, were investigated. Transgenic soybean AP15- 1 and its receptor YCO3- 3 were planted in vent-netting

greenhouse in 3 m X 5 m experimental plots with three replicates. Soybeans were planted in two successive spring and
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autumn seasons, and no manure, herbicide or pesticide was used. To ascertain if phytase activity in root exudates of
transgenic soybean AP15-1 affects the soil microbe ecosystem, the rhizosphere and non-rhizosphere soil of AP15-1 and its
receptor YC03-3 were collected at seedling, florescence and mature developmental stages and analyzed by plate culture
count and BIOLOG-EcoPlate. The number of colony forming units (CFU) indicated that the number of culturable bacteria,
fungi and actinomyces varied with seasons and development stages. There were no apparent differences in numbers of
bacteria, fungi and actinomyces among rhizosphere and non-rhizosphere soil of AP15-1 and YCO03-3. The absorbance of
BIOLOG-EcoPlate at 590 nm and 750 nm was recorded using microplate spectrophotometer and the average well color
development ( AWCD ) values were calculated. The curves of AWCD versus incubation time showed that the carbon
metabolic activity of microbes in rhizosphere soil was higher than that in non-rhizosphere soil from the same season.
However, statistical analysis indicated that no significant differences in carbon metabolic activity and carbon source
preference were observed among rhizosphere and non-rhizosphere soils of AP15-1 and YCO3-3. Statistical analysis of the
calculated microbial abundance and diversity index also exhibited no distinct differences among rhizosphere and non-
rhizosphere soils of AP15-1 and YC03-3. Principal component and clustering analyses revealed that the difference between
the rhizosphere of AP15-1 and YCO03-3 was less than that between rhizosphere and non-rhizosphere soil from the same
season and at the same plant developmental stage. The effects of season and developmental stage on the community diversity
of rhizosphere microbes were greater than that resulting from the genotype differences between AP15-1 and YC03-3. In
conclusion, these results demonstrated that the P-efficient transgenic soybean AP15-1 planted in spring and autumn had no

significant impact on the soil microbial numbers and community structures.

Key Words: soybean; acid phosphatase; transgenic; BIOLOG-EcoPlate; rhizosphere microorganism
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1 B HAZ R YC03-3 FPRL7E M= KVt b . B AR 3 mxS m, NHE]—43 = BEAL— - Fh Al AP15-1
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Table 1 Numbers of bacteria, fungi and actinomyces in rhizosphere and non-rhizosphere of soybean at three different developmental stages

in spring
B (x10° 4~/g 1) HEHRE(x10%/g ) B BRI (x10° 4~/g 1)
FESh Number of bacteria Number of fungi Number of actinomyces
Sample Hi ] AL A Wi REAEM A HiH BEAEM A
Seedling florescence mature Seedling florescence mature Seedling florescence mature
APG]J 6.3+3.2 81.9+36.8 21.1x1.6  14.8+10.3  13.9%6.3 1.8+0.7 29.3+11.2  12.416.6 65.6+16.6
APFG 8.9+7.6 29.8+12.8 21.1x1.7 11.1+6.9 10.9+3.8 2.7+1.3 90.4+28.2  39.1%26.7 109.6+35.1
YCGJ 11.6£2.6 109.0+69.9  10.8+0.5 7.2+4.1 5.7+2.3 5.5+3.3 15.8+6.0 13.1+3.8 30.3+7.2
YCFG 9.4+5.4 29.8+22 6.9+2.6 8.4+5.6 7.0+2.5 1.3+0.8 33.4+29.3  47.66.5 117.6+80.9

T BE A 3 R B Y A v 22 5 W] — 8 B0 B4 R 2507 2200 M S R A EL R 22 SR 2 (P>0..05) 3 APGJ, YCGJ: 433l #oR AP15-1 Al
YC03-3 #Fi+t; APFG,YCFG. 4333/~ AP15-1 F1 YC03-3 JEAR PR+
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Fig.1 Changes of AWCD of microbe in rhizosphere or non-rhizosphere of transgenic soybean AP15-1 and its receptor YC03-3
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Table 2 Microbial ecology indexes of rhizosphere and non-rhizosphere microbial communities of soybean at mature stage planted in spring

and autumn
FAATEH T I I E L Z R B D MclIntosh #6554 U
= Shannon-wiener index H Shannon-wiener index £ Simpson's diversity index D Mclntosh index U
Sample 5 k2 wE & = tZ #Z ®E
Spring Autumn Spring Autumn Spring Autumn Spring Autumn
APGJ 3.333 1.010 0.970 0.294 0.963 0.941 0.194 0.243
APFG 3.076 1.059 0.896 0.308 0.948 0.935 0.227 0.254
YCGJ 3.335 1.062 0.971 0.309 0.962 0.948 0.194 0.228
YCFG 3.064 0.979 0.892 0.285 0.944 0.931 0.232 0.261

F B A 3 K E R AT bR 22 TRl — S8 2 R 2 05 22 0007 o n AL TR 22 57 R 3% (P>0.05) 5 APGJ, YCGJ: 43 3R AP15-1 FI
YC03-3 #iFr +; APFG, YCFG: 4337~ AP15-1 A1 YC03-3 JEAbR +

BB AR 1 BIOLOG A= 35 AR IR Bt it — 20 BEAT IR T O 4 R AN 4, IRl LA 12 MR PR
TR AT R NP, Horh R e AE ) AP15-1 1 YC03-3 AR Br + Bk ZE i i A6 AP15-1 Al
YC03-3 ARBx A AL SN YC03-3 MRPR 0 i i 1) SR B %, B 1 Bk 2 AL S0 A st | e ] 2 () 40 )
AP15-1 F1 YCO3-3 MRPp L #BAL T —ZR 3, R BN Z BB R R, FRNRBIIRER L 5 R
FE—E2 , P RE A2 0K P9 I AF 48 1) A 300 1 S PR 5 MO8 LR/ N B8

http ; //www. ecologica. cn



2088 H

B
=

Eild 32 &

3 H#reHitig

e B DR R W A ) Aok AT G AR FE | BRI i AR
RO P AR R B R GR 7 Wl A 1 SR
ARG, T AT REXS e A Wy i A AE W) 2R e
HIEFR O RO O S e e B A H
PR AI X 2 B DR R ) e ko - S T2 0 % 45 R R ) g
ZREAERZ I AT TS 15 B 45 RAR A
], 3 20N A5 R TG TL T Jo il R ) 5RO 1 Bt L T 2 i
PRK R AT AR BR AR RIS, 5 B o AR P 40 T 1
BRASCR 3 10 3 /0 T AR L S O R i R AR 4 25
AR [T B DR K e 2R AT A 0 0] 38 s B e DR K e
RRBRAN TR O T Al B B B A T — e 84k B
LR 0 R 2% 2R i 2 Dunfield F1 Germida 7E
TR 5 A [ 22 DXL R B B 50Tl = 4 A bk R ) e B v
— NS R R AR BRI VIR EVR 2R A A T el
M3 Ak 3 A~ 36 R bk 3R 20X R PR At 26 0 e A 7 A 52
Mt Heuer SEHFFTHE T4 15 B RGIE A + 0 % BUR PR
YRR 25 S T RO b SRR A O
Becker S5 55 pe Ak L RMERL R + S R AE 3a, K FUAR PR
A1) 32 e B DR DR 2R R M/ N T 2 A 453 R FE 1) S
BT A S ) Baumgarte 1 Tebbe LS 5E R4t
HF K Monl0 A4 RHHEAT I BF ST & BE Cryl Ab TEAR R
T ER K THEARBR + (R ARPR A R T 4510
FRICA 52 3 W 5 520, 2 35 DR A S e S22/ T B A 45 ]
F X — RGN EFE SR o e 3L P R Rp A £
SRR Wy B S0 55 T B DL A R AT G, 30 5 P Ml | 2
LR BV W RS B SR

A5 38 3 B B 37 A1 BIOLOG A= 250 X6 7 R 1
WERRME AtPAPLS B i R4 e A R S R AR B 4= rh i Ak
Prgicie RS K- ZAEPE RIS, 45 SR B L e 3R K
APIS-1 5HAZ R YC03-3 Z[a], HARPRAN G ik i
FE R SRR K Z R BRAAAE— 2822 7 (HX
P2 RIS QAR PR 5 AR AR PR 2z ] | v 30 84 190 R
WIAFE R A A B B Z 18] B A5 Bk 215 28 A0 T T3 il R
P FURE V& KT 72 AR B 22 57 K Adilia SR 7ERTFE BT
HuU BE PR oK st W25 81 B 4 1 21 0 AR B 5 Al
R B =[] 1) 22 501), 5 ¢ B2 o PR T K A P 4 J5 1A
RO SR B R T Houlden 45 0
SEEIFE Y AN ) A B B B 6T AR PR i 2B ) 22 B 1 RS
057 TR

+ SSAP OSSYC a ASAP XASYC XSFAP OSFYC

+AFAP -AFYC —-SMAP ¢ SMYC m AMAP A AMYC

,2 ~
—_ AMYC
S gL AFAP
2 1 m AMAP - AFYC
<+
S “L88%¢
S x SFAP
~ A SSAP

Y

x ! ogpyc SSYC
e o — SMAP

) SMYC

-2 -1 0 1 2

FE 1 PCI(67.50%)

B3 EUNEKREAREKBREFEIMEDINE S FEERB
T
Fig. 3

microbe in

Principal components analysis on function diversity of

rhizosphere of soybean at three different
developmental stages planted in spring and autumn

SSAP, SFAP Fll SMAP . 73| /R 5 AP15- 1 7EHT I AEWIAIHA
BB+ 5SSYC, SFYC A1 SMYC. 4% Bl /R %5 2 YC03-3 7ETH
B AERR LA (AR PR 1 s ASAP, AFAP, AMAP, ASYC, AFYC
I AMYC 431288 ZE AP15-1 R YCO3-3 FEHT I A6 F it 23]

AR B 1

RAPERRE

Rescaled distance cluster combine
5 10 15 20 25
T

ASAP
ASYC
SMYC

C 1T 1T 17

AFYC

SMAP

AFAP

AMYC
SSAP
SSYC

AMAP

SFAP

L[ L[ T L[]

SFYC

B4 BFEURSFAERREKRBARELMEMBESEERESNT
Fig.4 Cluster analysis on microbial communities diversity in
rhizosphere of soybean at three different developmental stages
planted in spring and autumn

SSAP, SFAP il SMAP . 73l 7R 422 AP15-1 7 B ] AEIA RIS
WIRYMPR 15 SSYC, SFYC I SMYC. 43 I3 R %% YC03-3 161
B AEBI R AR BR £ 5 ASAP, AFAP il AMAP : 4351 7R Bk
Z= AP15-1 70 i U1 | A6 30 A0 A B0 B AR BR 15 ASYC, AFYC Al
AMYC: 43 IRk YC03-3 7RI AL AU AR PR £

HIFTE A5 SR W R WA TR I 56 DR O A 2658 7 ) - 0l B AR A/ ) Tl g 0 B DR L AP TS - 1, LA AR X AR

http ; //www. ecologica. cn



7 34 BRI A Tl R DR R S AR s ol A A 7 B R ) 2089

PR LU YRR AR AR 7 A BB I, ARG R Y George 55 18 YOI S IR AR A A R B 173 Wb 2|
240 41 P 2 5 PR R X AR I R SR DA W 28 K TE A S ) 2 IR B 285 SR BT . George 55T R T
o B R AR R e S R A AR R B PRt 35S BB RR R 12 8 R 3 FIRSIITIE A A DRk, 5 B T A
LIRS APLS- 1 Hrei FR w12 1l 43 006 30 AR S0 (%) JEL SHUAR B, B8 SR AL A7) SR FH B9 2K g B A< 2 22 257 ( Terminal
Fragment Length Polymorphism, T-RFLP) 4387 75 2 AW A A |] , (A5 2 (9 45 Rt R WY 5 | APyl 1], A
LA A R R AR B S R A 7 AR W s B T 0 v AN () Y L AR By T T A e A
TBEE IR X A s AR A T AR

TR YR R R AR AT SR RIS 7 2 P 37 1 BIOLOG AR ZSARRAS B3k J2 LAE 37
SRS 5 1 A5 20 Y TR Ve B SRR A 22 R PR Y S B I A S LA i DR BRI AE AR B - R A=
YIREVE DI REZREMERY SO o PREG XA B v AN i 85 5% 10 33 B0 W Bovd T 3w AR AR DGR E W 26 Y 52
i) , S 538 5 AR ) SR RIS T BOR BE— BT 46 7n o A, i i 38 3k R T B R S ol A R X o W 456
T ORI XS AR B A 4 4 5 T 2 A5 A SRR
Bt AR AR R 2EAR R A 0 £ F5 R BRI LA T R R AR AR Rl R 2= B TR B A 2
B X1 AT B R A% Biolog 55560 M AR A A 4R LR B

References :

[ 1] James C. Global status of commercialized biotech/GM crops; 2010. ISAAA Brief No. 42. ISAAA; lthaca, NY.

[ 2] Jia S R. Environmental risk assessment of GM crops: progress in risk assessment. Scientia Agricultura Sinica, 2004, 37(2) . 175-187.

[ 3] LuBR, Xia H. Environmental biosafety of transgenic plants; research and assessment of transgene escape and its potential ecological impacts.
Chinese Bulletin of Life Sciences, 2011, 23(2) : 186-194.

[4] ZhangF S, CuiZL, WangJ Q, Li CJ, Chen X P. Current status of soil and plant nutrient management in China and improvement strategies.
Chinese Bulletin of Botany, 2007, 24(6) : 687-694.

[5] Yan XL, WuP, LingHQ, XuGH, XuFS, Zhang Q F. Plant nutriomics in China; an overview. Annals of Botany, 2006, 98(3) ; 473-482.

[ 6 ] Hirel B, Gouis J L, Ney B, Gallais A. The challenge of improving nitrogen use efficiency in crop plants: towards a more central role for genetic
variability and quantitative genetics within integrated approaches. Journal of Experimental Botany, 2007, 58(9) : 2369-2387.

[ 7] Shenoy V V, Kalagudi G M. Enhancing plant phosphorus use efficiency for sustainable cropping. Biotechnology Advances, 2005, 23 (7/8) :
501-513.

[ 8] Rengel Z, Damon P M. Crops and genotypes differ in efficiency of potassium uptake and use. Physiologia Plantarum, 2008, 133(4) : 624-636.

[9] MaXQ, Liang X. Research advances in mechanism of high phosphorus use efficiency of plants. Chinese Journal of Applied Ecology, 2004, 15
(4):712-716.

[10] Wang X R, W Y X, TianJ, Lim B L, Yan X L, Liao H. Overexpressing AtPAP15 enhances phosphorus efficiency in soybean. Plant Physiology,
2009, 151(1): 233-240.

[11] Zhang J, Zhang H W, Li X Y, Su Z C, Zhang C G. Soil microbial ecological process and microbial functional gene diversity. Chinese Journal of
Applied Ecology, 2006, 17(6) . 1129-1132.

[12] Garland J L, Mills A L. Classification and characterization of heterotrophic microbial communities on the basis of patterns of community-level sole-
carbon-source utilization. Applied Environmental Microbiology, 1991, 57(8) . 2351-2359.

[13] Magurran A E. Ecological Diversity and Its Measurement. New Jersey: Princeton University Press, 1988 1-179.

[14] Zhang Y Y, Qu L Y, Chen L D. An amendment on information extraction of Biolog EcoPlate™ . Microbiology, 2009, 36(7) : 1083-1091.

[15] LuY, He CP, Wu W H, Fan Z W. Effect of Transgenic Banana Plants on the Microorganism in the Soil. Chinese Journal of Tropical Crops,
2008, 29(1) : 38-41.

[16] WangZ H, YeQF, ShuQ Y, Cui HR, Xia Y W, Zhou M Y. Impact of root exudates from transgenic plants on soil micro-ecosystems. Chinese
Journal of Applied Ecology, 2002, 13(3) : 373-375.

[17] Dunfield K E, Germida J J. Impact of genetically modified crops on soil-and plant-associated microbial communities. Journal of Environmental
Quality, 2004, 33(3) : 806-815.

[18] Wang HZ, XuJ M, Xie Z M. Residues of transgenic plants in soil and impact on soil organisms. Soils, 2005, 37(4) ; 370-374.

[19] Yuan H X, Zhang J Z, Guo J F, Xu X P, Li Y R. Activities of microbes and enzymes in soil after growing transgenic rice with two extra anti-

http ; //www. ecologica. cn



2090 A E = 324

fungus genes. Acta Pedologica Sinica, 2005, 42(1) . 122-126.

[20] LiBJ,Li YR, HuQY, Zheng Y, Hu X B. Effects of transgenic fungus-resistant rice on microorganism populations in rhizospheric soils. Journal
of Fujian Agriculture and Forestry University: Natural Science Edition, 2006, 35(3) : 319-323.

[21] Dunfield K E, Germida J J. Diversity of bacterial communities in the rhizosphere and root interior of field-grown genetically modified Brassica
napus. FEMS Microbiology Ecology, 2001, 38(1): 1-

[22] Heuer H, Kroppenstedt R M, Lottmann J, Berg G, Smalla K. Effects of T4 Lysozyme release from transgenic potato roots on bacterial rhizosphere
communities are negligible relative to natural factors. Applied and Environmental Microbiology, 2002, 68(3) : 1325-1335.

[23] Becker R, Behrendt U, Hommel B, Kropf S, Ulrich A. Effects of transgenic fructan-producing potatoes on the community structure of rhizosphere
and phyllosphere bacteria. FEMS Microbiology Ecology, 2008, 66(2) : 411-425.

[24] Baumgarte S, Tebbe C C. Field studies on the environmental fate of the Cryl Ab Bt-toxin produced by transgenic maize (MON810) and its effect on
bacterial communities in the maize rhizosphere. Molecular Ecology, 2005, 14(8) : 2539-2551.

[25] Oliveira A P, Pampulha M E, Bennett J P. A two-year field study with transgenic Bacillus thuringiensis maize: effects on soil microorganisms.
Science of the Total Environment, 2008, 405(1/3) : 351-357.

[26] Houlden A, Timms-Wilson T M, Day M J, Bailey M J. Influence of plant developmental stage on microbial community structure and activity in the
rhizosphere of three field crops. FEMS Microbiology Ecology, 2008, 65(2) : 193-201.

[27] George T S, Richardson A E, Li S'S, Gregory P J, Daniell T J. Extracellular release of a heterologous phytase fromroots of transgenic plants: does
manipulation of rhizosphere biochemistry impact microbial community structure? FEMS Microbiology Ecology, 2009, 70(3) . 433-445.

SE Lk

[2] BERoR FIEPPED MRS XS o BT st k. gAY, 2004, 37(2) : 175-187.

[3] 5o, BRI IME Y2 4 FeRE R Rk ii b FOB A 2R S XU I BIE S AEAN . ARl 2011, 23(2) : 186-194.

[4] SR8 #RIE, TH0E, 260, POFrr. P 5y 58 SBUIR-S Mo s, ﬁ% i, 2007, 24(6) ; 687-694.

[9] HHK, 2. YRS IBELE AATIEsERE. N4, 2004, 15(4) : 712-716

(1] 3k, TRESC, 25505, JRIRAR, RN TRUEY A S RS HUE Y IIRE S 2R, R4, 2006, 17(6) : 1129-1132.

[14] skaese, fhoknt, BRFID Biolog EcoPlate™ SZB& (% BARHOT IETGE. MUY, 2009, 36(7) ; 1083-1091.

[15]  Rhde, BAEE, RAE, JERM. PR AR AR PR 3R A sz m . A VEY 2441, 2008, 29(1) : 38-41.

[16] T ifde, WhPoAE, 4FERSS, MEEHG, HORE, JHSERE. #IENAEYR R IR SRR S, A%, 2002, 13(3):
373-375.

(18] TEIE, IRAER, WIER. SeREPIEYITE T IRPRIE b a5k B S FOuh LR W2, 13, 2005, 37(4) : 370-374.

[19] LW, skatrh, Sk, VRBRE, B3, IR SUN TT R B E UK RE X AR PR A R v S R AR O . L34l 2005, 42(1)
122-126.

[20] ZEA4E, ZEPUC, WIar s, 8T, WIW. HUEL L RE KR X AR B SR MU REVE AR . AR MR Rk . FARBLSAN, 2006, 35

(3): 319-323.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32 ,No.7 April,2012( Semimonthly)
CONTENTS

Theoretical framework and key techniques of urban ecological landscape research --------- SUN Ranhao, XU Zhongliang, CHEN Liding,et al (1979)
Response of sinapate esters in Arabidopsis thaliana to UV-B radiation ««««+eceeeeeeeeeee LI Min, WANG Yin, MU Xiaofei, et al (1987)
Biosorption of lead ( 11 ) and cadmium ( I ) from aqueous solution by Chlorella pyrenoidsa and its influential factors —«+-eeeveeseeeess

................................................................................................ JIANG Jing, LI Liang, LI Haipeng, et al (1995)

Response of pear jujube trees on fruit development period to different soil water potential levels «e:eeeeveeeeeeeeieieniiiiiii..

............................................................................................. HAN Lixin s WANG Youke s ZHANG Linlin (2004 )

................................................................................. SHI Xiaoging, YANG Jianxin, WANG Rusong, et al (2012)
Establishment of environmental sustainability assessment indicators based on material flow and ecological footprint model in
Tongling City of Anhui Province — ceeeeeeerereeeeiieiiniin... ZHAO Huihui, WANG Yuan, GU Xueming, et al (2025)
Health status evaluation of the farmland supply function at county level in Hebel Province «-eeseeeeeeeereemiiinniii,
................................................................................................... BAI Linhong, WANG Wei,ZHANG Yu (2033)
Inhibition effects and mechanisms of the endophytic fungus Chaetomium globosum 118 from Curcuma wenyujin ««-«+-eeeeeeeereeeeeeeeenes
................................................................................. WANG Yanhong, WU Xiaomin, ZHU Yanping, et al (2040)
Water use of walnut-wheat intercropping system based on stable carbon isotope technique in the low hilly area of North China «--------
.................................................................................... HE Chunxia, MENG Ping, ZHANG Jinsong, et al (2047)
Spatial heterogeneity of soil microbial biomass carbon, nitrogen, and phosphorus in sloping farmland in a karst region on the
Yunnan-Guizhou Plateau +«eoeeeeeereieienmiiinii... ZHANG Liqing, PENG Wanxia, SONG Tongqing, et al (2056)
Relationship among rice root aerechyma, root radial oxygen loss and rhizosphere nitrification = «-e-eeeeereeeeeenaieennnns LI Yilin (2066)
Effects of Eriosoma lanigerum ( Hausmann) on physiological indices of different apple cultivars ««cecoeeveeeeirieiiiiii..
.......................................................................................... WANG Xicun, YU Yi, ZHOU Hongxu, et al (2075)
Effects of P-efficient transgenic soybean on rhizosphere microbial community ------ JIN Lingbo, ZHOU Feng, YAO Juan,et al (2082)
Detecting major phenological stages of rice using MODIS-EVI data and Symletl1 wavelet in Northeast China «««-eoeeeeeeeneeeeeeneennns
............................................................................................. XU Yanyan, ZHANG Jiahua, YANG Limin (2091)
Cropping system optimization based on the comparative analysis of precipitation utilization in Sichuan Province «««=cceeeeeeeeeeeeeeennes
.............................................................................. WANG Mingtian, QU Huihui, YANG Xiaoguang, et al (2099)
The impacts of global climatic change on chilling damage distributions of maize in Northeast China «+«+eceeeeeeeeeeeeiiiiiii...
....................................................................................... GAO Xiaorong, WANG Chunyi, ZHANG Jiquan (2110)
Effect of fertilization on ammonia volatilization from paddy fields in Chao Lake Basin «----- ZHU Xiaohong,MA Zhongwen,MA Youhua, et al (2119)
Effects of arbuscular mycorrhizal fungus on net ion fluxes in the roots of trifoliate orange( Poncirus trifoliata) and mineral
nutrition in seedlings under zinc contamination «-esseeeeeeeeieieiiaaaias XIAO Jiaxin, YANG Hui, ZHANG Shaoling (2127)
The effect of red:far red ratio on the stomata characters and stomata conductance of Chrysanthemum leaves —«+:ceeeeeeereieeneiienineiin.
.............................................................................. YANG Zaigiang, ZHANG Jing, JIANG Xiaodong, et al (2135)
Dynamic characteristics of litterfall and nutrient return of four typical forests along the altitudinal gradients in Mt. Shennongjia,

CRINA  w v evereemeneoneneansnenuneenenteneneasenereenentaeeneseoneneneeneseenenens LIU Lei, SHEN Guozhen,CHEN Fangging, et al (2142)
Aboveground litter contribution to soil respiration in a black locust plantation in the Loess Plateau ««+-e-eeeereeeeremiiiiiiiiiiii...
................................................................................. ZHOU Xiaogang, GUO Shenli, CHE Shengguo, et al (2150)

Life history and spatial distribution of a Taiwania flousiana population in Leigong Mountain, Guizhou Province, China -«----eeeeeeeeees
................................................................................. CHEN Zhiyang, YANG Ning,YAO Xianming, et al (2158)

The feasibility of using LAS measurements of the turbulence structure parameters of temperature above a forest canopy «««+++eeeeeeeeees
................................................................................. ZHENG Ning’ ZHANG Jinsong’ MENG Ping’ et al (2166)
Spatial distribution of vegetation and carbon density in Jinyun Mountain Nature Reserve based on RS/GIS «+eceeeeeereeieiieiiiiiiine.
................................................................................................ XU Shaojun’ 7ZENG BO,SU Xjaolei ,et al (2174)
Early nitrogen deposition effects on CO, efflux from a cold-temperate coniferous forest soil = =e-ereemerermermimmiiiiiin
....................................................................................... WENDU Runa’ FANG Huajun, YU Guirui,et al (2185)
Epilithic diatom assemblages distribution in Gui River basin, in relation to chemical and physiographical factors —«-eeeeeeeeeeeeeeeeiene.
.......................................................................................... DENG Peiyan, LEI Yuanda, LIU Wei, et al (2196)
Acute stress caused by sand discharging on Yellow River Carp ( Cyprinus carpio) in Xiaolangdi Reservoir ««-«cecececececeeeiniiian.
....................................................................................... SUN Luyin’ Baiyinba(}ligao, NIU Cuijuan,et al (2204)
Environmental cost of pond aquiculture in Shanghai: an empirical analysis based on double-bounded dichotomous CVM method ~------
.............................................................................. TANG Keyong, YANG Zhengyong, YANG Huaiyu,et al (2212)
Host searching behaviour of Apanteles cypris Nixon ( Hymenoptera: Braconidae) --- ZHOU Hui, ZHANG Yang, WU Weijian (2223)
The effect of hedgerows on the distribution of Harmonia axyridis Pallas in agroforestry systems — «««ceeeeereerenerieeeiiiiii,

.......................................................................................... YAN Fei, ZHOU Zaibao, WANG Shuo, et al (2230)
Induction of early resistance response to Alternaira alternate f. sp. mali in apple leaves with apple and chitosan fermentation broth
....................................................................................... WANG Rongjuan s YAO Yuncong , QI Yapinget al (2239)
Review and Monograph
Research into vulnerability assessment for coastal zones in the context of climate change ««++sereeeereeerieeeiiieiii
.................................................................................... WANG Ning, ZHANG Liquan, YUAN Lin, et al (2248)
Introduction and ecological effects of an exotic mangrove species Sonneratia apetala ««+«++=+«++ssseesereeramariniiiiini .
.......................................................................................... PENG Yougui, XU Zhengchun, LIU Minchao (2259)
Discussion
Degradation of organic contaminants with biological aerobic fermentation in sewage sludge dewatering and its influencing factors —------
................................................................................................... YU Jie,ZHENG Guodi, GAO Dinget al (2271)
Remediation of soils contaminated with polycyclic aromatic hydrocarbons (PAHs) using four greening tree species — «=ceeeeeeseeesenees
.................................................................................... YAN Wende, LIANG Xiaocui, ZHENG Wei, et al (2279)
Scientific Note
Diversity of endophytic fungi from six dominant plant species in a Pb-Zn mine wasteland in China ««+e+eeeeeeerreeneneinii..
............................................................................................. LI Dongwei, XU Hongmei, MEI Tao, et al (2288)
Effects of Meloidogyne incognita on scavenging system of reactive oxygen species in tomato seedlings grafted with different rootstocks

............................................................................................. LIANG Peng s CHEN Zhende s L.UO Qll’ngl (2294)



(EBZ|RY2012 F£4EITRE

(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if
B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAEITI

B 100085 JL R IE X XGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

A
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKRE Bl ¥

2

3_!\_‘

Ji

5 5 F # ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) . .
CEATI 1981 43 A E1F) ('Semimonthly, Started in 1981)
32 BTH (201244 ) Vol.32 No.7 2012
% ig ({ﬁgi&%%&)éﬁiﬁﬁﬁ Edited by Editorial board of
Mok - U STHEE KB 18 5 ACTA ECOLOGICA SINICA
MR i : 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
L3+ (010)62941099 Tel; (01062941099
WWW- e(’:ologica. on www. ecologica. cn
% ?g?igd;;xue})a()@ reees. ac. cn Shengtaixuebao@ rcees. ac. cn
= {FIZ TN Editor-in-chief FENG Zong-Wei
Jr o th[E AR A Ly Supervised by China Association for Science and Technology
Fh R B SRS AR ST R0 Sponsored by Ecological Society of China
Motk . b 50 E R A K 18 & Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H i 4§ 2 X it Published by Science Press
Hihk . b AR IR LT 16 5 Add:16 Donghuangchenggen North Street,
MR L 4% - 1RO0T 17 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
v:3 T M4 4 & K i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m ;=
mﬁﬂéﬁﬁ% 1100717 Add:16 Donghuangchenggen North oA -
HL B (QIO )64034563 Street, Beijing 100717 , China ? =£
- " Eé%,i%uélgn%@ cspg. net Tel. (.0]9)64034563 8 =§
ESMEAT P R 4 55 2 omailzjounal® cspe net © =——=°
Mtk . AL 50 399 1548 Domestic All Local Post Offices in China > 8
BB 2565 . 100044 Foreign China International Book Trading 3 8
sz e Corporation - r~
'{; nﬁ_l-—I"LE ST 74 8013 5 Add:P. O. Box 399 Beijing 100044 , China =’;

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	1.pdf
	fm.pdf
	07-z-ml.pdf

	stxb201109261413.pdf
	2.pdf
	07-y-ml.pdf
	07FD.pdf




