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Induced changes in soil microbial transformation of nitrogen in maize rhizosphere

by 4-year exposure to O,
WU Fangfang, ZHENG Youfei *, WU Rongjun, LI Ping, WANG Jinqi

Jiangsu Key Laboratory of Atmospheric environmental monitoring and Pollution control high —tech research, Nanjing University of Information Science &

Technology, Nanjing 210044, China

Abstract: For determining changes in soil microbial transformation of nitrogen in a crop rhizosphere under ozone ( O,)
stress, using ozone treatments in OTCs (open top chambers) , the effects of increase atmospheric surface level O, contents
on soil microbial transformation of nitrogen in winter wheat ( Triticum aestivum ) rhizosphere was investigated, during the
growing/development ( G/D) periods including reviving, jointing, booting, heading, filing and maturing stages. Four
independent experiments were performed in four years, each for one year,using six OTCs. The chambers were equivalent,
but two were fed with air while the other four with ozone at different concentration, in that two chambers with 100 nL./L and
the other two with 150 nL./L. Winter wheat were grown to all life stage in OTCs. From reviving to mature stages, the plants
were treated for 8 h (8:00—16:00) in every sunny day with different dose of O,, respectively. Soil microbial biomass N,
amount of ammonium—oxidizing bacteria and denitrifying bacteria, soil nitrifying and denitrifying capacity were measured.
Each treatment was assayed in triplicate. The data were initially compared by analysis of variance and differences between
means were detected using the Duncans Multiple Range Tests. Values of P<0.05 indicated significance. Quite similar results

were obtained during the four years’ experiments, suggesting that as a G/D stage is progressing, soil microbial biomass N,
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amount of ammonium-oxidizing bacteria and soil nitrifying capacity increased firstly but consequently declined. Under
increased O, stress, either soil microbial biomass N, or amount of ammonium-oxidizing bacteria or nitrifying capacity were
found dropped. Their differences compare to control were significant (P<0.05). With the increased of O, dosage, the
inhibition effects were found increasing. Inhibition rate of soil microbial biomass nitrogen, amount of ammonium-oxidizing
bacteria and nitrifying capacity on wheat growth stages in the fourth years were significantly higher than those of the first
year. The number of denitrifying bacteria was found to be no significant change in the earlier stages, but increased two
orders of magnitude in the maturing stage. In maturity stage, the quantity of denitrifying bacteria was significantly improved
by O,.Four years test showed the same change trend. No obvious influence of O, on soil denitrifying capacity was found
under short time ozone fumigation, but significantly increased during the later three growing seasons. Taking together, the
elevated O, concentration in atmospheric surface layer, impinges on the features of soil microbial transformation of nitrogen.
O, stresses can reduce soil microbial biomass N, amount of ammonium-oxidizing bacteria and nitrifying capacity. Enhance
0, irradiation and prolong fumigation time the Inhibition efficiency was up-regulated. When the cumulant of O, dose and
fumigation time reached a certain threshold, the number of denitrifying bacteria and denitrifying capacity rose up,
meanwhile soil N,O emission risk was heighten. The effects on nitrogen microbial transformation were found to relate to (G/
D) periods of winter wheat, dose of O, and the exposure time. The different forms of nitrogen have different O,-sensitive,

indicating that the threshold of subjected to O,, the responses time to O, stress and the variation scope are different.

Key Words: elevated ozone; Triticum aestivum; open top chambers; soil nitrogen microbial transformation
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Sowing date Start fume Stop fumeing ¥tk cumulant Reviving Jointine Booting Headi Fil M
date date /(nL-L’l-h’ 1) day/d per‘centag'e eviving Jointing  booting eading 1ling ature
of trial period
cumulant
2008 2007-11-14 2008-03-07 05-20 8.208 63 68.48 03-10  03-24  04-02  04-17 04-29  05-8
2009 2008-11-20 2009-03-08 05-21 8.462 59 64.13 03-04  04-02 04-17 04-23  05-07 05-15
2010 2009-11-12 2010-03-07 05-26 8.638 62 67.39 03-19  04-01 04-14  04-26  05-06 05-20
2011 2010-11-12 2011-03-07 05-27 8.357 58 63.04 03-24  04-02  04-12  04-22  05-02 05-12
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Fig.1 Effects of elevated ozone concentration on rhizosphere soil microbial biomass nitrogen in wheat fields
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®2 REKREASEAFERINNERFAEBTHIBEHEYERNIMH X
Table 2 Inhibition rate of soil microbial biomass nitrogen under ozone stress on different wheat growth stage in different years
JM I Inhibition efficiency/%

o AT AR L TS A
LERAR ) Test date/a Reviving stage Jointing stage Booting stage Filing stage Maturing stage
T1 T2 T1 T2 Tl T2 T1 T2 T1 T2
2008 4.55a  10.44a  3.44a  10.05a -3.46a 11942 -7.84a  9.63a  —1.68a 7.62a
2009 7.32b  21.00b  8.95hb  22.78b 7.15b  24.1b 5.86b  21.46b 8.87b  21.05b
2010 4352 26.62c  9.33b  30.93¢  11.3lc  32.92¢  27.77¢  47.6¢ 18.85¢  28.65¢
2011 437a  2391b 13.8lc  43.8d 13.41d  46.65d  18.2d  45.84c  23.95d  34.9d
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Fig. 2 Efects of elevated ozone concentration on number of soil ammonia-oxidizing bacteria
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Fig.3 Effects of elevated ozone concentration on nitrification activity
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Table 3 Inhibition rate of nitrification under ozone stress on different wheat growth stage in different years
#0128 Inhibition efficiency/ %

o AT AR s TESE LA
LERAR ) Test date/a Reviving stage Jointing stage Booting stage Filing stage Maturing stage
T1 T2 T1 T2 Tl T2 T1 T2 T1 T2
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2009 9.69 18.76 5.72 17.22 6.96 10.98 9.59 18.70 10.31 21.54
2010 9.69 20.32 8.65 20.27 11.83 19.37 17.24 23.98 14.43 23.52
2011 14.74 25.70 15.65 24.56 9.58 20.15 18.95 31.07 20.93 36.83

f AR PE I 5 = (CK LR -0, AL PR ALSRIE ) / CK A AL TR L

Ock 111 B12

10 10
o | 2008%: ;’Lb _ 20094 Jbrb
a T af}]
'] A %é
rF a .
6_aaa aa Taa {‘aa % a 2a3a fag, %
i g i o | b (|
NN AN N N NN T N
SN TEN TEN TEN TEN SNEEENEEENEER
N | RS SRS RS S
3| [-] . B B R B R B
s N [ N TN |
z 2 : N N N [N | N
i 3 g g 5 5 ]
g3 It : 1 . -
s . . . . . . .
ﬁ‘g 0 . L . ) . L . 0 . . . . L . L ,
S g UM R AMEEN RN Y WM R OWREN MW B
= 2
< 10
5 o | 2010% bb 20114
Aa gl a.«l»vc 10 bb
7 a % a:‘lk:%
a a a aag a a - 8 r +
a aa R
°f %ﬂ} ‘P(‘«: g 2a, -]
st .jf"“ .'[‘w HE O[S . 6f -]
. 4 | B
3H N
R N
2] 2 | :f:k
N ]

WM AR WA RN R R

HE R Stage
B4 REREABNIBERHULARBENZMN
Fig.4 Effects of elevated ozone concentration on number of soil denitrifying bacteria

AN FREFR R AL BE] 28 Duncan [G£2 B 224560 2% 5 3% (P<0.05) ; CK(IE#Z5<) . T1(100 nl/L R4) T2(150 nl/L %)

2.6 A7) RS RN SR AR FH 56 L F) 2
X 2L - S S i A 2 I /N2 A R G A L P A AR T o A e, i AR o 0 A R, A T

http ; //www.ecologica.cn



7686 JAE = 3%

B E, 4a WG — 3, O MR IS 265 1 4F (2008 4F) FI%E 2 4 (2009 4F) k4, T1 T2 S5 XTI
AL IR, ZEAH R A I, T1 R T2 S50 BRI 25 5 550 3 415 (2010 4F) FN%E 4 45 (2011 4F ) ik 56
HOTT A T2 DAART HH SIVE S AR R e — A SRR (8, B J5 B 3 T, S0 IR b T1 0 T2 s T
ZHRESVRI IR 00 S i AL B (& S) o S5 SR U, S O, VE A K 5 ol AR T - 3 S A A A FH 5
Bl /INAZ AR B A PP R B 1 /N2 T BT 0% SO A TR B

Ock EI11 §12
30

20084 a_ia 35 1 20094
57 a a a ji»fll‘a {j::% 30
a. aa aa
» AR WS L TEN N e e
g N i N [N TN S
5L 5 N |1 N [N
NN TN “TEN [
~ - 10 g ]
2 s - . -
wd 5 TF N
i . . . . . . . .
2, UEN N TEN BN o LLL NN N
B2 mwm MM WM RN R WM R AR W
& ,
3240— 40 20114¢
E% 35t 20108 a 35t b%
= i H
a I a' . : a. \\ | . a \\
S $ %% PL§ N ° !?L‘% al? +§ ++§ N
wH N TN N | 20 [T} N N N
N - N | N [N | [N
15+ |- ::\\ - ::\\ - 15 ¢ :::Q\\ ::\‘ ::\\ ::\
100 R : N || N0 ER N | IR | FR
N N | 8N SR N N PN
SN f:% N | s :f% NI f:%
o LLEN T EN T EN TEN L ENL o PN EN L EN L ENL BN
B R AR RN R R

H:E ] Stage

Bs5 REREFSHTERMELIEREENZM
Fig.5 Effects of elevated ozone concentration on denitrification activity

NI 54 R AL BRI 28 Duncan (6 2 K95 5 135 (P<0.05) , CKOIE#7%C0) , T1(100 nl/L B4 | T2(150 nl/L 540)
3 itig

A Wi R P AR A T BARAE N AR AR A i TN AR Y B AR K e A S P R R R Y
KR W, ANF R R ARNT RO, X 38852 Wi ie 01559, IR RS T HIERUE Y i R4k 5, W)
BF Rl /N A A R B T AR R A B It AR o T iAo AR SO ) I RE R R L T, D
ZZ TR 2 AN 5 R A K i i /N2 X - B SR A TR SR R KGN, 5 A A W R Wi B 58 4 G
R AR K EEVNEBREE R R R 5 R P R R TR

/INZE S P ) 7 B35 /I e L AR B, - R e R T R, T RS /N B A A N A R
2238 i SR AR KRB i A B PTRARE 7, /N AR K S AR TR T A e e T B
F O, gk SR  Hl T/NZ BT NG A2 B, TR AE Y A T R, XS O e #k HIERUE
Yy BRAC T B A LA N2 WO T DIRU R BE a0 A5G, 2 L ARUMR B T i 31— (B I - ST A= 4
AW TR, O,%F/INEZ IVE R BB O, v B2 AR FH Bsf 1] 2 [ e 1

H RGBT AR SZIE TN O, 52 el I, - 38 52 A A0 P B0 dat 52 /N 22 AR T B0 Sl I mf /N 22 A K B i

http ; //www.ecologica.cn



24 44 RIFTT A VAR O, AN AR PR SR A W AL 2 R 7687

BR AR BRIMIBY) AR ZR A AR SR A R B T B IR AR B, AR K BB R ik Bk, O
WRETE s o, ARSI ol T O, 3R i A I 1] B804 RARE — e R, 0 S A 20 B B0 L2, B O, 7]
1) AEE Xk /N2 77 A T3 FEE B 38 R 1 /N - - AR R A e R - SR ORI O MR SR AR /N
RBEEZRHRES WO IR A LM TSR REY)  fe ik T e R E R EHH, O BT f5 /1
AW 3 AN AR TS T O, BE AN AT Ta] i) SRBRE FH N, B 1 /N A R T, IR AL A
AR B 5b, HHES AN TR S AU LB S A, 2 IR AL VR FH A B AE 3R O, v B T e fs
R I RUR ALK | - IEAE ) 325

A R 4 R R A I o B A 2 — | R sk W [w) £ N O T 0 i B i A A 2 e 2
FEIIM BRI N 8 IR AR R A AR A I, 5 IBCR AR Y NOS , it T R3S AR R I 52 21 NOS BRI, BT LA
ZERESA AN AR S S AR AR, 7R/ N2/ T X NOY B9, 398 NOy I 58 12, /INAE AR B 731 )
AR T SR ARAE T, BT LI SR A TSR BE T i o O, X R B ARAE F G 2 B A — 5 B R R 00
O 77 H2 A P e ] f) SRR 1 38— T BAEL, 7/ N AR IR N BUUY], i T O, IS TRI A AR AT, 3 R A ot ke
AR NFE AR AZ TR RN, O, WA LR AR RO R N, O A A R 01
FH— 7 IR RIS AL A S i AV TS JBE B8 IR PR, 78— A8/ AR R 2 S 880G I L8 N, O Ry B i
4 g

(1) O % H-HERA: Py R

TIEME YR R /N A RO T AR R B C T R BRI e A2 AR AL, X i e A2 A LA B A [
O W JE BN . O W BESE I IFBEE O, A1 I o] By SiE 4, - AR AR Ay i RS2 40 ol ) Z8007 16 5, O3 %
TR AR N AR EA R RN, S O, e B AN A TRl k [FVE IS5 2R

(2) O R - MG AU A A0 1 RS A 200 o K5 P2 )

T A AN BB TR TS 1 O, MR BEAE R, A I 1) L 386 A7 B S8 5200 5 1400 O3/ FH e 1) DU 7 e A 40
TESR I - e S A A TR R 35 R 5 O,/ Ba Jim U 2 S5 PR AR L i S A A B R, O ELE Ay D e A= 40
AR ] Y B GUK A B W R R AR gl , i 1 xof IR ST 1Y) 8 S S 1 A T i Bt /N2 A K e
AR I 2 e T i AR R i e AR AR

ISR AR AR R O W T 5 R A P58 A8 P PR 1 AN, 7 /N A2 A I F 30 S i A 4 g X
X R — A B R A [F) — B 2, 7 YR, O % SR AE A 20 B Ko A A R e AR

(3) O - M P s B2 1 S i A 55 JEE A 52

TR SRR T ey A L N T PR X S A A S B ) T P 3 A AR DL D e 33 o] 1 - 0
A BE o OV AR BRIG I, SV PG 5 O Xk S P B8 2 M A7 AR RALE , 2 O ¥ BE AR Ik ]
SRR T, LR A Al 5 U

R O I A K ZE G e 1 e S i A/ i B B /N A2 AR Ok B AR R I PP L . O 3R BT
1 LT ) HLXT - S S i fhe s B 50 2] iR 3 IME R TR AR B R T

References:

] Tausz M, Grulke N E, Wieser G. Defense and avoidance of ozone under global change. Environmental Pollution, 2007, 147(3) : 525-531.

1 Fuhrer J, Skirby L., Ashmore M. Critical levels for ozone effects on vegetation in Europe. Environmental Pollution, 1997, 97(1/2) ; 91-106.
[ 3] Vingarzan R. A review of surface ozone background levels and treads. Atmospheric Environment, 2004, 38(21) ; 3441-3442.

1 Forster P, Ramaswamy V, Artaxo P, Berntsen T, Betts R, Fahey D W, Haywood J, Lean J, Lowe D C, Myhre G J, Nganga J, Prinn R, Raga G,
Schulz M, Dorland R V. Changes in atmospheric constituents and in radiative forcing // Solomon S, Qin D, Manning M, Chen Z, Marquis M,
Averyt K B, Tignor M, Miller H L, eds. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and New York: Cambridge University

Press, 2007.

http ; //www.ecologica.cn



7688 JAE = 3%

[5]

[6]

[7]

[8]

[9]

[10]

[11

[12

[13

[14
[15

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Zheng Y F, Liu R N, Wu R J, Zhao Z, Hu C D. Effects of ozone stress on diurnal change of winter wheat photosynthesis at milking stage. Chinese
Journal of Ecology, 2011, 30(6) : 1075-1082.

Zheng Y ¥, Zhao Z, Wu R J, Hu C D, Liu H J. Effects of long-term ozone exposure on chlorophyll a fluorescence and gas exchange of winter-wheat
leaves. Environmental Science, 2010, 31(2) : 472-479.

Zheng Y F, Hu C D, Wu R J, Zhao Z, Liu H J, Shi C H. Experiment with effects of increased surface ozone concentration upon winter wheat
photosynthesis. Acta Ecologica Sinica, 2010, 30(4) . 847-855.

Wang X L, Chen Q C, Chen G C, Liang Z B, He Z Y. An observation on the morophology and anatomy of the ozone damage to Dicotyledon plant
leaves. Journal of Lanzhou University, 1979, (3). 117-128.

Chen Z, Wang X K, Feng Z Z, Zheng Q W, Ouyang Z Y. Effects of elevated ambient ozone on ecosystem below-ground processes. Chinese Journal
of Ecology, 2007, 26(1) . 121-125.

Chen Z, Wang X K, Feng Z Z, Xiao Q, Duan X N. Impact of elevated O on soil microbial community function under wheat crop. Water, Air, &
Soil Pollution, 2009, 198(1/4) . 189-198.

Andersen C P. Source-sink balance and carbon allocation below ground in plants exposed to ozone. The New Phytologist, 2003, 157(2) . 213-228
McCrady J K, Andersen C P. The effect of ozone on below-ground carbon allocation in wheat. Environmental Pollution, 2000, 107(3) ; 465-472
Zhang F S. Plant Nutrition Ecophysiology and Genetics. Beijing: Chinese Science and Technology Press, 1993.

Hu J L, Lin X G, Zhu J Gs. A review: soil microbial responses to elevated tropospheric O; concentration. Soils, 2008, 40(6) : 857-862.
Zheng Y I, Shi C H, Wu F F, Wu R J, Liu H J, Zhao Z, Hu C D. Effects of simulated elevated atmospheric O; concentration on soil enzyme
activity in winter wheat rhizospheric. Acta Ecologica Sinica, 2009, 29(8) . 4386-4391.

Wang X Z, Zhang H J, Zhang X C, Yin W Q, Zhu S, Zhao H T, Feng K, Zhu J G. Effect of O; enrichment on concentrations of DTPA-
extractable microelements of soils in the rice season. Acta Ecologica Sinica, 2010, 30(17) : 4741-4747.

LiQS, Lin X G, HuJ L, Zhang J, Yu Y C, Shen B, Zhu J G. Effects of elevated O concentration in surface layer on activity of soil ammonia
oxidizing bacteria and denitrifying bacteria in wheat field. Journal of Ecology and Rural Environment, 2010, 26(6) . 524-528.

Wu J S, Joergensen R G, Pommerening B, Chaussod R, Brooks P C. Measurement of soil microbial biomass C by fumigation-extraction an
automated procedure. Soil Biology and Biochemistry, 1990, 20(8) : 1167-1169.

Department of Microbiology Nanjing Institute of Soil Science Chinese Academy of Sciences. Research Approach of Soil Microorganism. Beijing:
Science Press, 1985.

Xu G H, Zheng H Y. Soil Microbial Analysis Method Manual. Beijing: China Agriculture Press, 1986.

HuJL, LinX G, Chu HY, Yin R, Zhang HY, Yuan X X, Zhu J G. Isolation of soil ammonia-oxidizing bacteria. Soils, 2005, 37(5) ; 569-571.
Carnol M, Hogenboom L, Jach M E, Remacle J, Ceulemans R. Elevated atmospheric CO, in open top chambers increases net nitrification and
potential denitrification. Global Change Biology, 2002, 8(6) : 590-598.

LiQS, Lin X G, Hu J L, Zhang J, Yu Y C, Shen B, Zhu J G. Elevated surface O; concentration effects on soil ammonia-oxidizing and
denitrifying bacterial activities in a rice field. Ecology and Environment, 2010, 19(8) . 1789-1793.

Tang Q Y, Feng M G. DPS Data Processing System for Practical Statistics. Beijing: Science Press, 2002.

Esperschiitz J, Pritsch K, Gattinger A, Welzl G, Haesler F, Buegger F, Winkler ] B, Munch J C, Schloter M. Influence of chronic ozone stress on
carbon translocation pattern into rhizosphere microbial communities of beech trees ( Fagus sylvatica L.) during a growing season. Plant and Soil ,
2009, 323(1/2): 85-95.

Pritsch K, Ernst D, Fleischmann F, Gayler S, Grams T E E, Gittlein A, Heller W, Koch N, Lang H, Matyssek R, Munch J C, Olbrich M,
Scherb H, Stich S, Winkler J B, Schloter M. Plant and soil system responses to ozone after 3 years in a Lysimeter study with Juvenile Beech
( Fagus sylvatica L.) Water Air Soil Pollution: Focus, 2008, 8(2) . 139-154.

Kanerva T, Palojirvi A, Rémé K, Ojanperii K, Esala M, Manninen S. A 3-year exposure to CO, and O3 induced minor changes in soil N cycling in
a meadow ecosystem. Plant and Soil, 2006, 286(1/2) : 61-73.

Kasurinen A, Kokko-Gonzales P, Riikonen J, Vapaavuori E, Holopainen T. Soil CO, efflux of two silver birch clones exposed to elevated CO, and
05 levels during three growing seasons. Global Change Biology, 2004, 10(10) : 1654-1665

Xiong H F. Study on Transformation of Carbon, Nitrogen and Phosphorus in Soil-Water-Plant System in Wetland of Lianpzi Lake [ D]. Wuhan,
Huazhong Agricultural University, 2005.

Le Roux X, Monteny B. Soil-plant-atmosphere exchanges. Lamto, 2006, 179 77-113.

S 3k

[5]

AT, XUEE, RIACE, BB, SRR, RAEMRAXT &/ NERER DS B, 322, 2011, 30(6) : 1075-1082.

http ; //www.ecologica.cn



24 44 RIFTT A VAR O, AN AR PR SR A W AL 2 R 7689

[17]

[19]
[20]
[21]
[23]

[24]

HAK, B, RIEAE, BIRR, XRAE. SURMNA XS AN ISR BTG S M ST . IR 2010, 31(2) @ 472-479.
HATE, TR, SRORE, PR, XA, AARLL. MR AR R AN S A IR R IR 22524z, 2010, 30(4) ¢ 847-855.
T, BRPCI, BRI, AN, IS, SRS X i 05 B SR IER. N R4, 1979, (3): 117-128.

M, EACRE, WIRR, AR, BHGES. REXTES RS NSRS, A%k, 2007, 26(1) ; 121-125.

TRARDL. A IR E A E B AL 2. dont, R ERMEREOR AL, 1993.

SR, BROEST, RERE. TR R I E R TR R . 4, 2008, 40(6) : 857-862.

WA, AFL, RF5TF, RIEE, XE2, BE, PIRK. KGR T R XA /N AR B 3R M a2, A= 35%4H%, 2009, 29
(8) : 4386-4391.

FNR, IR, SRR, R, RTE, B, B, REE. KA O, MR EE RS I T RS O TR 5. ARSIk, 2010,
30(17) : 4741-4747.

2, MIEST, SIEA, RE, AOKE, bR, AREEL )Z R AR E T m ) 2 M AR S SRS AL A TR TR PR . RS AR A
FREESA4R, 2010, 26(6) ; 524-528.

rh R B RS B IS T A Y E . R ERUE MR STIL. JEnT . Bh AL, 1985,

VPLRE, JBitoc. HIERUEY AT E TN dbat. Aol iR, 1986.

SRR, Mest, Wi, e, SRR, SRR, REE. HIEEEILANR I B TR, L4, 2005, 37(5) . 569-571.

24, MRSESE, SRR, TRE, AOKE, bR, AR ) AR BT R AR S RS A AN TR R PR AR SR
%, 2010, 19(8) ; 1789-1793.

RIS S, WG, SERIZE T RO DPS BdEAbBER S, dbnt, Bl i, 2002.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.24 Dec.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

The problems in red soil ecosystem in southern of China and its COUNEIMEASUTES ««++ssrrrreessrrrrreeeiiiitttaiit e
.......................................................................................... ZHAO Qiguo, HUANG Guoqin, MA Yangin (7615)
Fundamentals of Ecology: promoting ecology from tradition to modern: To Commemorate The 100th Anniversary of E. P. Odum’s
Birthday ««eeceeeeeessmmmmmummmttienti i BAO Qingde, ZHANG Xiufen (7623)
Food chain length theory: a review «-eeeeereeereeeiiiiiii ZHANG Huan, HE Liang, ZHANG Peiyu, et al (7630)
Autecology & Fundamentals
Foraging and bed site selection of Tianshan argali( Ovis ammon karelini) in Central Tianshan Mountains in Summer —«+eceeeeeeeeeeeeenees
......................................................................................................... LI Ye, YU Yuqun,SHI Jun, et al (7644)
Inhibition of pine coneworm, larvae Dioryciria pryeri, on herbivore-induced defenses of Pinus tabuleaformis —««+-e-oveeeeeeeeereceeiecnnne.

.......................................................................................... ZHANG Xiao, LI Xiuling, LI Xingang,et al (7651)

Response of periphyton to nutrient level and relationships between periphyton and decay degree of Potamogeton crispus «««+++esereeeeees
.......................................................................................... WEI Hongnong, PAN Jianlin,ZHAO Kai, et al (7661)
Correlative study between chemical constituents and ecological factors of Notopterygii Rhizoma Et Radix of endangered plateau
Plant  ceseerrrriri HUANG Linfang, LI Wentao, WANG Zhen, et al (7667)
Induced changes in soil microbial transformation of nitrogen in maize rhizosphere by 4-year exposure to Oy «+eoeseerereveriesiaeiiniieainn.
................................................................................. WU Fangfang, ZHENG Youfei, WU Rongjun, et al (7679)
Changes of digestive enzyme activity of Tegillarca granosa exposed to cadmium and copper «««-esssesereemeeieamneiiii,
....................................................................................... CHEN Xiaoxiao, GAO Yetian, WU Hongxi, et al (7690)

Population, Community and Ecosystem
Population dynamics and density of Bactrocera dorsalis (Hendel) in different habitats — «eoeoeeveeecereneeeennn. ZHENG Sining (7699)
Litter fall production and nutrient dynamic of Cinnamomum camphora and Pinus massoniana mixed forests in subtropics China -+-------
....................................................................................... LI Zhongwen, YAN Wende, ZHENG Wei, et al (7707)
Landscape, Regional and Global Ecology
Assessing the spatial representativeness of eddy covariance flux observation stations of terrestrial ecosystems in China — ---e-eeeeeeeesnes
.................................................................................... WANG Shaogiang, CHEN Diecong, ZHOU Lei et al (7715)
The coupling relationship between variations of NDVI and change of aeolian sandy land in the Yarlung Zangbo River Basin of
Tibet, China «««eeeeeeeeereemmmmmmmmmmmneni e LI Haidong, SHEN Weishou, CAI Bofeng, et al (7729)
Effects of higher resolution image and spatial grain size on landscape pattern in a small watershed of the farming-pastoral zone «--------
............................................................................................................... ZHANG Qingyin, FAN Jun (7739)
The changes of soil organic carbon and carbon management index in alpine steppe  «-+«+s++seesseerseeuernresitentienitntt et
....................................................................................... CAI Xiaobu, YU Baozheng, PENG Yuelin, et al (7748)
Spatial heterogeneity of soil organic carbon and total nitrogen at small scale in subalpine meadow and Picea meyeri forest in Luya
IVIOUIEAIL v cvveemeeeenennnnenenemnmneunenenetneneaneeneaeneneeenenseneneans WU Xiaogang, GUO Jinping, TIAN Xuping, et al (7756)
Active pools of soil organic carbon in subtropical forests at different successional stages in Central Hunan, China «+eeeeerereeeeeeeeens
....................................................................................... SUN Weijun, FANG Xi, XIANG Wenhua, et al (7765)
The impact of sheet and gully erosion on soil aggregate losses in the black soil region of Northeast China = «-e-esrerereemeeeneiieieean.e.

.................................................................................... JIANG Yiliang, ZHENG Fenli, WANG Bin, et al (7774)



7910 A % R 334

Variation of soil fertility in Eucalyptus robusta plantations after controlled burning in the red soil region and its ecological evaluation
.................................................................................... YANG Shangdong, WU Jun, TAN Hongwei, et al (7788)
The spatio-temporal variations of vegetation cover in the Yellow River Basin from 2000 to 2010 «+ecerererrrerreririeiiiiiii...
................................................................................. YUAN Lihua, JIANG Weiguo, SHEN Wenming, et al (7798)
Long-term dynamic simulation on forest landscape pattern changes in Mount Lushan — «+eeeeeeeeeeeeeieiiiiiie,
................................................................................. LIANG Yanyan, ZHOU Nianxing, XIE Huiwei, et al (7807)
Species habitat correlation analysis in temperate-subtropical ecological transition zone «««+eseseeerrerrrririiiiii
.................................................................................... YUAN Zhiliang, CHEN Yun, WEI Boliang, et al (7819)

Responses of Qilian junipers radial growth of different ecological environment and detrending method to climate change in Qinghai

PrOVIICE v+ ereesrnsnsenenemsuneneinetienetieneneaeeeeeenaeneaes ZHANG Ruibo, YUAN Yujiang, WEI Wenshou, et al (7827)
Resource and Industrial Ecology
The pattern of ecological capital in Daxiaoxinganling, Heilongjiang Province, China — ++ssseerererersmariiiiiiiiii,
................................................................................................ MA Lixin, QIN Xuebo, SUN Nan,et al (7838)
Research and implementation of mobile data collection system for field survey of ecological environment «««+«+eeeeeeereeeeeenieaeiean..

.............................................................................. SHEN Wenming, SUN Zhongping, ZHANG Xue, et al (7846)
Urban, Rural and Social Ecology
A remote sensing urban ecological index and its application ««r«e-++sssssrrsrrrrrirt it XU Hangiu (7853)
Research Notes
Genetic diversity and DNA fingerprint of Pleioblastus by ISSR -+------- HUANG Shujun, CHEN Liguang, XIAO Yongtai, et al (7863)
Comprehensive evaluation on photosynthetic and fluorescence characteristics in seedlings of 4 drought resistance species —«+e+eeereeeeees
............................................................................................. LU Guangchao, XU Jianxin, XUE Li, et al (7872)
Stock difference of Coelomactra antiquata based on nuclear (1TS2) and mitochondrial (16S rRNA) DNA sequence and secon-
dary SHUCHULE  «veveresssommmmmmenrtrne ettt MENG Xueping, SHEN Xin, ZHAO Nana, et al (7882)
The mechnism of the characters of inorganic carbon acquisition to temperature in two Ulva species «=«+eeererrreeeeeniiniiiaiii. .
................................................................................. XU Juntian, WANG Xuewen, ZHONG Zhihai, et al (7892)
Research on changes of dynamic characteristics of rainfall though Platycladus Orientalis plantation canopy in Beijing Mountain

AT@@ +ve v e emnne ettt et et e e e e eaeas SHI Yu, YU Xinxiao,ZHANG Jianhui, et al (7898)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AERGERER T 7 HEHMEE LU HITHRE XIRE B ¥

£ & % i ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) )
CEAT 1981 4 3 A G (Semimonthly , Started in 1981)
{33 24 (201312 H) Vol. 33 No. 24 (December, 2013)
b2 L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of

Mtk b st i X 18 5 ACTA ECOLOGICA SINICA

IR LS - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China

Hi% : (010) 62941099 Tel; (010) 62941099

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

shengtaixuebao@ rcees.ac.cn

; gj i‘gﬁ N Editor-in-chief WANG Rusong
* ; rh ﬁijl},_%z,,_%z, £ Supervised by China Association for Science and Technology
fp R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidil b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M T 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m :
HE B i - 100717 Add ;16 Donghuangchenggen North o
L7 : (010) 64034563 Street, Beijing 100717, China T N
— Eﬁ“[%";‘% i%“ég%@ espe-net Tel ; (010) 64034563 S =,
ESNETT b E bR E 5 5 6 E-mail ; journal @ cspg.net ‘C_'-" _g
Mok AL ET 399 {24 Domestic All Local Post Offices in China = g
MBS AL . 100044 Foreign China International Book Trading g .O_
s2E e Corporation ~
{;nﬁfzﬁ U 57445 8013 %5 Add:P.0.Box 399 Beijing 100044, China B E’;
[S°R 1090933 WIMATF £17 HEBE RS 827 ESNETRE M6T0 =4 90.00 7

CN 11-20317Q



	1.pdf
	全页传真图片.pdf
	中ml.pdf

	stxb201301040015.pdf
	3.pdf
	英文ml.pdf
	FD.pdf




