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Effects of ozone stress on major plant physiological functions

LIE Ganwen, YE Longhua, XUE Li"
College of Forestry, South China Agricultural University, Guangzhou 510642, China

Abstract; Nowadays, with the increase of ozone precursor caused by photochemical reactions, the extent of global plants
suffering from ozone stress in the troposphere is getting more and more serious. Ozone pollution has been considered to be
the primary cause of forest decline and tree dieback in Eastern and Western Europe and throughout the United States. Ozone
stress could have strong impacts on the utilization of light and the production of photosynthesis products in plants, and lead
to the decline of photosynthetic rate through stomatal limitation and non-stomatal limitation. The effects of ozone on plants
are closely related to the accumulation of metabolic substance in plants. Various defensive protection mechanisms are
initiated by ozone stress, such as antioxidant system and membrane system. Ozone stress has changed the absorption of
carbon and mineral nutrients in plants and caused their redistribution. And it could also induce deep changes in gene
expression. In order to adapt to the environment with ozone stress, plants adjust their physiological and biochemical
mechanism to ensure their vital movement. For example, the content of permeable mass would be regulated by cell to
maintain osmotic potential balance, meanwhile the metabolic pathway would be changed to keep energy reserves and reduce

metabolic rate in plants. And all kinds of antioxidant enzymes’ activity in the cell would increase to clear up free radicals

EEWA ) R MlR BB H (F09054)
s B #8:2013-05- 16 &7 B #1:2013-09-17
= W IAAE# Corresponding author. E-mail ; forxue@ scau.edu.cn

http://www.ecologica.cn



2 4] FESC A RO XY AR P RE AR 295

and mitigate or even avoid cell damages. It's clear that the ecological environment has important effects on biological
evolution. And it’s confirmed by the plants’ physiological effects from ozone stress, which is also another kind of evidence of
biological evolutionism. In this paper, the impacts that ozone does to plants’ photosynthetic physiology, respiratory
metabolism, antioxidant system, membrane system, nutrients absorption and allocation, and molecular physiology were
summarized to get a more comprehensive understanding of the physiological and biochemical mechanism of plants adapting to
ozone stress. Hotspots for future ozone researches should be focused on the enhancement of effects of ozone stress on plant
physiology in individual and community level, the gene regulation and related mechanism of signal transmission network
system of plants under ozone stress, plants breeding to adapt to the environment with ozone stress by methods such as
molecular marker, gene mapping, genomics approach and transgenic technology, research condition that should be close to

natural environment as much as possible, the effects of ozone stress on major physiological functions of subtropical and

tropical forests, and the models to assess the impacts of ozone on plants.

Key Words: plant; ozone stress; physiological metabolism; physiological mechanism

REAJEER(0,) MR FE S IB M, B AR
MM RETTE TR EN A B TR R b A=
WG sZ SR AN A0 | T 224 LA b R 2 T 30 1sF %o
WA UIEMR  Sefbs KON X7 2 SLAE R 3
BRI, FEOR AREEARD Ak, RN
A PO o ) A — S T A e X
P E R B R AT T X Z . A 1750 45 Dok 4Bk
) AR B P 25 nl/L B TR 34 nl/L, 390
T 36% %%, BTG YA A i AR B P R
AN FE KA FRA TR AR SE ) F2 2 JE R o

M52 2 BAA 0 5, A B e A — R AR
HEATRT, G <L R AR AL R i, S B0
A HRMIBEAL, WA 7= 00 A S A, ks
PRI AR i 51 R & R B R BL ] e
SPUAAL R GE, SR R G, R R P R S5 R
(RIS 5 | B A1) 1 I o B, 7% S L R 3R 3k 1Y)
WIEAAEAE, P, 5 R A E T ALY e A AR 3
IR AR G LA R G R G 0 I 3% 40 1 WD
Oy BC 54T A P A 32 B A B 0 R AT kA AT L4
71N HIE SO B 4R A A B A AR ML, S A T e O
PR EHYARBES % | X T ol 38 5L 45 Y X Y
AW EAETEE X,

1 RESEYRLEERE

JeE VR Yy foc AR 14 (] At 2 X B 35 [
TR AR B R . P2 R R A 2
EREPIEA VR R R, R 19 S S0k I B 48T L
AR S DG R AR

GBI 7 RS e R e, v YA S A o R A0 4
e R B 1 SL AU W B BRI T O B AR (P,
TR I 7RG Wittig S5
B BE R 6 R 36 /L 48 = %] 71 nL/L I BEA
MRFLFHE(G,) FRET 13%, SLAWE R 44 nl/L
$Erm 3 81 nL/L I, A8 A G0 FDG A 3 58 (light-
saturated photosynthetic rate, A_ )I8/0T 11%, H%A
SR BRI BRI R TS AL A EE S ALBR
il SEEIA N, WA R AL S T R,
R A MR R W B (Cintercellular  CO,
concentration, C;) [, WA FL PR ) 2 3222 J5 (], 4
SR A — AR Ak B e B R AR BB T D) AL R
JoE kR
1.1 RAESEEHER

BLAE 38 ™ 5 5w e G RE R T AR AR
WA ROE T T MR OGE R FEIL, Feng %0 %
Fi,100 nl/L #1200 nl/L B9 R EALH 25 d J5, KE2
( Metasequoia glyptostroboides ) 1A 18R 43 3l Eb Xof
HEY /D 419 1 50% , 11 50 nL/L Ab P A ) 55 % e 24
SARWE, ML LI 80 nL/L REALH IR
75 ( Ginkgo biloba)30 d I}, Yo MR IF IR T B, B
it A LR ) A S A T4 O, AT — 5 1 R AR
HY b AT B S ARV J3E 1) e R A LS ) A SEE
BRI G HEER  H0 TAE FTBOR B 2%
1.2 RASSALER®

LI S ARSI 4 A 75 5 VR Y 2 22
WIE Y B TS Yl o ad A ALEOE AL AL AR AN
AP SALBR G E R Ay, 7252 3 R A

http ;. //www.ecologica.cn



296 AR

o 34

JHpIEL AR, R B0 AL 5 R AR T R R e T ) —
i BB, AH [ RR AR 1 AR S R 2 R R
SR AEU A I Ik T RS e ALk A e R A
W L B WA AR SR AEORE (U A A R AR
it A LA T 07 18 42 T R 7 £ B A )
JirgesE ) P AL BN R i A R
(SR 2 — 22—, A A A AL AR
Ty AR T 5L AR S ABUR, TR B AT TG SRS IR T
AR E KD Paoleti ™ & B, 1 rvifE 43 ()
B BE v e, mT AR IR Bl ) AL T B i ik
R 3 R AT AL 1 0 HE R 38 i ) 1R N B4R
R & RGP, Winig 21 & B, Tolk 4y )5
SR AR s (A YL SRR AR 1%, <AL
BERRAR 13% , KR R TS Gt T A 4% R <AL
SRR Z AL R L, AL R L
Ao 42 R A0 11 R SRR A R AR BOR 5 el A )
MGEVERT, Ty HL R AT e X AE ) AL B Y 52 )
P B2 IR T it R AR BE 403 5 R N 1] L B
HERER T,
1.3 RS AR

RS Y FHOLG H A TR AR ALBR ) %
JEIE T 0F I AL B S ) ADG A 2 S AR LA
YRR SE LAY . B SR — i S AR 5] A L
R -2 1 28 B 43 0 6T 48 Ak 8 0 A AR v i R
JERO R RS ol v SRR R R A T Ol
ORI A BRRIR SRR R R E S
fifp T ST SR R B i R T AT O A T PRI
T AR D s e A L 1 A is
Wz B TR AR e S Re I TRl B
AL RE SIS AR ) 6 S AR B )y, AT S B0 2 R
PN KRR RS B A VR Y
W/ R T SRR [ B AR T IS RR
5158 A9 I RS ( Pinus halepensis ) W5 R AL R T
RSB0 TR R B 1, S- W R AR 1L /N A
( ribulose- 1, 5-bisphosphate carboxylase/oxygenase,
Rubisco ) B/ 0 RS 0 T ¥ & L Rubisco
AR A R B — R AR AR AL, A T LS
VEFRIY I B FTOK figt A0S B e i 3 . i
H, RAEGE AT AT B 1A% 388 7Y J2 1 ke 54
AR, BN e R e, BRI Y 3R Y
WO WD SE B BT O R 48 1T ( photosynthetic

system 11, PS ) Jz i o0 80 38 1 B ik
(hn#hig) RInAEEARRC Y, A MO A A
R OCHAE S A e R T B
N ER B TS O FOG G o AR AL &R AT DLk —
oA R B AR 8 o E LR O R O C AR Y
AL
1.4 RES5LEY

BT m S HEYO A 7 P 0 A S R
A= WY S S0 S R 2 (R 0 240 L AR R R R
FEAE T K AR AR AR, B an AR S5 oK b & ) M £
R T -4 U 1l 1 R A AR

VERAEP VR N 5 0535 8 5 W o, R T b
R OGA 1E 0 By B 42 7 ¥, SO0 30 B8 i 38 1y 45
PRUT R N IR B S Y R IEALR,
Z REREE A Y ARG EROK A ) B 2 b
S/ T EEE SRR, U T BB
A5 E A B AEUE T AR T R R
FAEAL JCHL A R TE ™ Al MR R R LN
FIREE TR HA A AW ER, PP ERV], RA
X RE AR P B 1 5 RN 2 B IR B 119 5% ) 22 Ry 3 11 o
Frim R, A R A R Nt 0 B AR 1
T, KIER (Pinus taeda ) %3 ¥ 0 &A1 H A 1L B R
(Fagus crenata) 41 B () M | B2 1 40 3 iR vk B 14
T A ST R AR LA R BAE I A
T A s e

RZWFE B, Bl 5 B ATk B s R A 3L (1)
FEA | BRI 38 X A ) 06 3 A 0 A ok
W2 IER A Y A BRI i, 5L U 8
aob AL RR i R0 Al AL BR i e W) 52 e 4 4 O B AR
o it i R AR R w82 AT 53 e i e i
MITPEEL AL T B, 182D Rubisco Y36 P FNVR B2, 4ii
FEM B A T s A

2 RESHEWHMERAS

RENERIREY Z )5, 518 1 Al v 0 o 2 7 i
AR AR A Fof AL ) < 308 e e 7 P 7 e A A o i e 0y 7
W, 368 2o e 7 325 e R 47 T R A SR 0 o] e i A
FIM MBS I R ] R TR AR e
ST WP A B, A R R R R A N R
LA S IE K
2.1 RESEYTFRAERIAR SRS

BUAT SR SEOHAR W P IR A AR O i 52 i (9 T 52

http ;. //www.ecologica.cn



2 4] FESC A RO XY AR P RE AR 297

G RS — R B IR R AR A B 2, TR AR
IR A FH A o SR Al

P LSRR WP R A A T T, A R Yl 2 R
T WO 5 By 25 A0 & W i, 040, 2R = R
fif 2z ( PAL) SZAE ) A AR R rh — Fh Y
i) LR A v AR AT LA R B A R R A R
AN AR G S R B e R R — e R
AT LABCHE PAL B6 T, R R & T (R AR
WP I — e B, PAL TG PR IR EE 208 06 1, AL
T BRI & >, b, A T AR Y
fFE RS 5 3k 7 v 5 0 I A O 1Y il TG M 1 i, 491
BRI T =X N R R ( PEP ) 2 W % i vh i) 85 %2 rp
T 7= 0 = B R 0 3 o o) 0 A b 787 T el 2 4
e ( C,) A KB A (CAM) #H Y #1706 5 ik AR
W R AR A Z AR B AR LR AR A B
Pk ds B U B AR FR ALl ( PEPC, EC 4.1.1.31, 4550
PEPC) FOTHPERS "' R T4k PEP [ 52 Bk iR
SR (HCO;) , A 2R (OAA) FIRERR (P,) ™,
PEPC J5-PE A4 i 38 m] LASE 2o 1] 42 7= A 24 JL 1R A oh 2R
R A R B Ak S S E ™,

AT WA FH A b 4 T Tl 32 A 48 O A 1 i 4
1Ll (AAO) | Z B E AL B (PPO) | & BE TR A 1k i
(GO)ZEW) . Hid AAO J& T 24 AL R %R 17
T4 s 5 40 i RE S A 5 T A A R N
AEAHS G 7T 3] A v ST T 9 D, BB A AL B0 I il 72
() 44k, 6 A P8 18 4 5 A b B A A A
™. PPO RIS P 28 4 T AR, 7R E Ak
T, PPO AL B W o A L0 by 1, Wi 3k 5 A
A A R B LI AE L GO AT
FRAGE (%) DB T, I M 0% v PR B4 R M ' B I g PR
18, P i B Bl TR RS A6 REDS, LA
eI AR, RO A TERIRCEDT R
KILAAO PPO F11 GO ixX 3 i A FH AH 5 1Y it bt
# BLAE AL HLIS [A] (Y ZE K 5 TH IS R AR B, DT
e 0 1 B A B 2 o O I O M 0 B (R e
[i] A2b FHL U] 2 WP 2 A FHR G P il A= il
22 RAHHREYR

LSO AE FH A S il 104 5% i) 50728 T R A 4
AT T ) BRUR i, LB R AN [F] 2 T AN TR
A I A X5 DS W P R B e Y, TR R
A2 IR BLARA T A3 A A I A A, 10 1

PREfRE | (e 1 ORI i A2 5 | AL 13 2 525 W) (2K )
FFET/ 207 ) FEM AL B R BRIk
AR, B T IR N R S A R AR Y AR A
W, X — AR TR A 4y By A s i MR R Sl AR
HAEL A T A 8 R T e 28 AR ¢ v ]
PPN IR A AR A ] DU A O B R B K A
AR FAEYIRBTIE . SNIEET 302 —Fh A B Fe ik
Oy FEF R A M S B, 2 AT E PR B2 IR BR
NARPY BB A R KRG AL o Jordan 451V
1 Booker %1% HRHIE , v 5L SEUHR FEE 1) b 3 25 4 o ok
FEASEF 0 (Y JFAE B R MR {12 Lavola %1% Al
Lindroth 25" A Ay ey vl 5L S0 V0 A R ) 58] T A g
( Betula pendula) FN4%EZ #E ( Betula papyrifera) W 1
BRI R E, Booker ® 1, & B 5 4% Fili A
( Gossypium hirsutum ) [ M 7 5465 22 19 52 Wi AS G2
Fo ZPNRENFS, RN 524G P A
PR LT A R 2, A IR R 22 A (0 | 20 (0 5
@, R I HDEEE R KA 5 W Rl
B A AICHE S (R B4 RT RiE £ o ST B AR L
il B A5 o e 5 T8 B R {78 ) 1 S A0 B 22 1) AR
E2UR

g BRI R JEE 114 B A A 3 SR AR ) I I T
1 A JEE P SR SR A R 0 A ) S P A
FHOC A 28 55 A0 o i) AR 5 4 52 RSB aa 1Y 52
Wil o WA, SR 48 AT AR S B AL 15 5 15 0
DA B2 o Hh T 5 AU 0 o AL O R A P AL
1 B S I LR %, T 400 I PN A O T IR R0 R Wi A
PR A HI AR SC BRI T LD

3 RESEVHRELERS

TR IR IR & SR T (A 2 T
VoAb I IO 10 1 e = gy R LA A
MHEAAMREEO, ) HEAHRIEC-OH) HAEHR
('0,) G LA (H,0,) %S Rl R A T 3
T, 2R R AR R A IE KB R S
DA 45 Fi 5 AEVATL ] A 175 3% A P9 198 305 e SRR I 3k
AT P A B AT A — E R B R X
FEAE T, AR TR fE i Bs v A 47, FHYIPLR
T 2 G Fh BT AR AN F T AR IRy 7
31 RESHELE

— B UL AP AR N B ST B T P R T

http ;. //www.ecologica.cn



298 AR

S

34 4%

FUA e A RE S A7 B4R B A B R A
AR IREE L RIVE T R o6 P R T R
TR A A 2 4 0 PR 9% A R A R KA B S
AT BB AR i SR A R

oA AL BE AL A AL Y B AL (SOD ) | it 4E 4k
S (CAT) A id 4 b ¥ B (PODs) ™, i £
Halliwell-Asada ¥ #8 ( X% ASA-GSH ¥ ) ity 3 %
it , GBI i R A S AL (APX) | PR S(TIR i R
W J5E(MDAR ) | JBd &0 IR Il R 16 J5L i ( DHAR ) 5
2R e H KA B (GR) %7, Hid SOD |, CAT, POD
SEAPIPTEALRE RS Y 3 FhEEAAEE . SOD
P4 A LA A R i E AL EURT S, CAT 3t R
LA A KRR, (HJE CAT W BRit AL & AIRL
RARFAR " s POD W 1 ) FH 45 ol 226 5 1 oA i 3
ok it EAL SR JF A KT 45 Rl BT 4 1R 5 A
7S ASA-GSH IR TG PE 7 APX Al fitfhid
AL SR FUN K S 40 20 i rh T S A AR O
8 2H BB 3, T M A v v B RS T B R
R&'™) | DHAR Fl GR ZEHLIN MR ( ASA ) AY A I AL
iR R ) S s ME T DHAR AJ DL 3E i i 1k
ASA R FEA: T 5 2 0 F ) 2H 80 PP AR R s B3
A, X R E S AR Y GR XL A UK,
FEFEBRTG M A R P R R mEAE A A
TRIA) R4 ok B A BT, GR T R Y A8 Ak iR R T
RN

38 A A A A 4 T Tl T B 4G 1 i o =
EPETHE B AR R R R 25 (615 SOD
T AR T 2 A ) A P A e 1 5 — T B
LRI BB IS TR R B Ak SR i, POD  APX 1 CAT
SEOR P B U PR T WA, DL B SOD 3 BR T M
A7 (U Rk 0 R A LU S R IR A
AR B8 2 5215 SOD  POD il CAT Y3 Bl 22
REAL
32 BES/My YA

AN FHUEACI AR PUIR MR R JSHH 8 M &K |
Yok E R 2 MA N HIKET R T EE
B PR AR R RS ASA MR — R EAE T
MR/ ING> oK A IR JE R, T DA k36 R
) BT E AL R G fE, Wb i A Hp T M AR R
BT ASA BUAR AT AR AR A, EG R AU AR A
T A REHEPL B B A I A R g R

B ASA & B4l e vk 3 IR S R B I ) 28 DD AH G
80 nl/L Ay 5 4k JB FE AR B2 90 d B, i AR
( Pinus tabulaeformis) ASA & FFES . AW K
B, R AW E 75 nl/L 8% 150 nL/L Ab B K 75
(Oryza sativa) FIAR R 54 d J5 , H ASA &8 IFEA H
P AR BT R 5 S T A 0 1 bR
PRI BRI Z A, I 28 AL At /N o7 Bt
AL TE TR P SR T R P R HE 2 AR

A S IREEN A W A 7 AR B e A TE
WL BRI T B SR B EAR L, 7R R
SUMHA T AR 2 R Sh R A BT AL R Gk
TAP A szt . Hoh AR A N B0 ST Tl 3
R HRT IR SEUE 1O BE 8 | DA ke T AR T2 R
PR LN 52 R A8 A i, (BRI B 5
JE Y R A S BT R R L

4 RESEYHNERERS

YY) R EE T A MR R )T I R IR T s v
A E AL N ORI AR I EE RN R Z
— P BN AL AR W A N R AT LR 3
SRR 51— R S0 EE RN, A
MR AE DR S5 R RN T RE , 51 & S AR B A . ] Vs 1k
TS 05 T SEUT BR B  E LA R AR A
JE B PE AR, S 3R R R Ah i A 1 A Ak,
R e B R B BUK BB R A BE i ik
AU LRE R K T R 5 1 e 5 I P A A A
R A SRS I N, B U S 6, DA T BELA BT IR 2R 1
B, R A — R 3BT SRS I BB TR D)
FHOGH) ATP i ( ATPase) 2R 1% (4B 1) K-
ATPase fil Ca® -ATPase Jifi P [ 1%, M1 A% 34 40 g Y
B B RS AT A AT R i O A R A, 51
JE T & A AR A0

FELfiff SO N2 2 L AR5 e A ) 400 L B3 e 1) — 1
5T, MR R R S WA R A R L AE
— SR ARCVR Y R DY AR ) A A 1 A A
b B A RE A 58 42k B i VR 1 e T, TN 2 AR
) DA o 375 5 i O R A 5O R B R v
JE ) R FH 2 5 SO 1 440 e S48 i A2 46, it e
SEAR REERE T, H BB R RS AR

FEE R o AT A2 SR A5 i L ) A L a1 O —
BT, A IS P AU A RS PR A 2= )

http ;. //www.ecologica.cn



2 4] FESC A RO XY AR P RE AR 299

L e % 2 s X SBE 0 SR i ORI A AR A
FH T (MDA AR B RE L SEAR  R 2 721
AT AR AR 3, R JE 5 47 2 Ji s 1
it E AR AR BRI ZE ) MDA 5 % 5 RE
S WERILAA A BSR4 2o ST A B, DT 1) 35 b, 5 e 44
AR G RR EE Y I G LT A A A B AR
A AR o S AL, R B AU BE 1 T B BRI 1 A
PR PR S PR R G Z A, 7R T
ST PR AR S BORUIN R R RS A sk A Ak R
fife (AN AR R 82 B 0535 . VIR AT i i
e B R AL PRIV £ 2K ( Zea mays) W MDA & & i
Fr P, R v vk B A AR A AR ) A A TR A 1ot ALk
VE IR BB PERG N, O 53 45 & A
PRI 2ok 4 A R T o 5 0 1 v R 32 B R ) ] A 4K
T4 5

Sz U 38 AT 5 R ) A AR Y FRL A BT A B
B A, O R A B B e AT 52 AL ) £
NERGE . 16— B AR B2 Y LN, A 400 1) 400 i 6 375
PER AR AR SE 2 2B PR T R T, T 3510
TR VR B Y RS 8 S SRR ) R I AR 4, L oE 4
REVFERE ), HA T L

5 REEEYENNERMY RES

AT b TET SR ARV T 118 15 T 6 52 Wi ) 14 ) I D
FNFRGFIRMC , 3 T 5 i V) 1) 2 ) =™ 2
i 1E AT AR KA YA 6] 2H 2L 104 3% 43 IR N 43
e A 400 o SRR 85 A T S 00 R 4 R 9 3%
B, R E I X MYt R B & &, A
(N) 7 B (P) ™ 45 (Ca) Bk (Fe) A (Mn) | B
(Zn) VA BE N HXHE Y AL N TR &
WA —ERREN, AR 2K AR R R IT
FO R A B R A AR Y i
Fangmeier VTR oY R, SRR Tl
2 (Solanum tuberosum ) i 1+ 3B 53 ) EE (Mg) He B [%
R (ERT I 325 1 e He 25 P i R B VR B, T Y 2
AEJLF AT LA . ARG N ] DA AR AR 35 B3 AR
s

Fr 43I0 FOBT 43 e T BE S B0 1 i — 2B AR
RAHAEEM T R, S 20 7 (48505 I iR
JeEVER A R B 3R e E AL 2 R 2
MR - B 5 AN AR e AV A BR ]

B 70 1) 590 B 350 2 A R0 DA b b 38 B AR 7 9 i, 3
BEAR AR K BT T B0 e £ el AT OO T AR A AR e
P AR b A R AR B A TR AR
AL e B R4S B TR A R G S R R R X A
R A=A A R Temple FI Riechers ' % #1
2 B B VY B HN ( Pinus ponderosa ) 21 B 38 i T
XA A AR, PRt AR ik B4R B
FH R BB RT BE RS R B A 4 410

Wit 5 3 b T 5L 4R FE 30, A ) %) 400 B 4 TRE AN
FROT N A AR | 3543 1 HE T 43 IC AT RE S B0 1Y
e — AR FEAE Y B I E IR A ER
TS M VR () A= ) 1 R

6 RESHTEE

DLRT 5L SR8 ) o F AR BRI 9% 32 LA v el i
e T R AR ) A0 Iy AR A Y R A Y
W) = A v e B R 5 2R 1A 2 8 R 45 T AR
2 5 AU MLHE T B0 A 7 2 RE 0 AH DG 1Y) Tl RN 2 RN S
b 3 AP R 110 X 5 5 IR ) BF 9 308 ok v 3 Tl P 4]
AFNSET PCR A I 35 PR ] 458 114 22 Ak B Ry A 5% 5L 4
T3 53 F A BRI 14 5 — Bl TS ik

RAHT T HRRERNHZZ, 78R EWha
YRR R 3R 0 R 4 R A U AnAE G T AUl R O
(Arabidopsis thaliana ) " 358U () R A R SLE P &
B, 5 BRI A 58 TR ERF 577 4>
FEPRT JR e SR A AR L, 78 R AR S2 e T 40 O AR
S A 400 DEE AR BT 800 DEERAT
PAU L Cho SN Xt LU T KRS 1 15 4 26 A
ARLEEA T A KRB DNA G 50 R R 1T 5%
Jo R B, SRR 30 3 i A R S AR R Y 177 AR B
W 444 AL, AR 24 A FEE R AT 106
AN A 22 Rk B N S 5OKR
TG R st B BUK AR A 6
BT VR 22 %68 B AR BIUER BT R TR A s R S A R 2
¥ (CDPKs) B A5 Bt LB ( phosphatidylinositol
kinases) . G-25 F 41 1F 1 40 Jitg B 40 >¢ 25 H 8 M
(WAKs) SRy, 8 i 90k BAE S E2 i T, 3
Bk (C,) FE 1) 45 Fi it , 40 Rubisco """ pEpcH!
SRR TE A R O R A2 BIIREE . A, Short
A5 N UIESE T A0URE S B AR 2 i (1 3 R 2 5k
HRIES B T (Ca™ ) AR LA HOZ IR RIB S 1

http ;. //www.ecologica.cn



300 AR

o 34

(Ca™) (B IEINBIEE SR Bl 5L A8k BE I 5] 972
o, i B AL SN B T R, X — R AT A
TERAIA N 285 B TR S R S s 8T, R
PR e S AR B AT A S ) M

A 7 A BT FUE 01 T A 3 SRR
Wi JO7 PR S, 0 B S 3 A A 0 T R AR S
R PRFIER P A 2 K MR 8, TS T R A A iy 22 HE R
SAUMRE T B A ) 22 S 3R M) TP S T R A 8 AT
KIE T IR AL Z (W] B H AR R, LA SBEAE
ik 45 28 40 B AL BB IS 18 Ab T % 1 A9 Al R Gtk
B ATRAD

7 RE

FEIE R B IL AR [B] X9 )2 B AT Y X AR A 1Y
SN 5 A K R ) S A6 S8 R R A DG, AE SRR
Jolp s X AR 4 3 A BRI RE S R A T P, B AR
FXHEDI A A ik FPL A R R AR
SO A FT BRI A Q5 A 5 35 40 A
FA ATy IR o 55, B AU aa ™ 55
FEI X R B A 38 2 AL BR i AR AL BR
i, FEOLDOCE H R, Dt & e 5,
SLEUGTRE ) () 52 ) 5 8 T R A R R PR T 1
RS, REME 5] LAY 045 Fh 55 8O AL
R A RS SE MR S, 208 AR Y i T Jo
TR IR K 51 RS B AT BT A B, 5 S L R 3%
INIR)ZAE A, R TE AR MR B ST, W 57 5
SR, T R LA B T A A I I A7 S 1
il R AT e 1 L SR A0 X A ) A B T
F14) 5% Wi -5 L P o R 4 1 R A O, T 8 v i
JEE Y BRI SRR B R P B R R GE ., A SCE
I EE R BRI YO A A B PRI AR P A AL R
8 WERGE W AR SR 43 e 5 4 T AR B AR 3
T HINRE B R G &, AR A IR X A itk Ak e
ATEELR W, XSS Y I Y o — R e
P, B E LR S EAS R IR 2 R AT
W5,

MR AR T A B PR K B R AR
e R 5T O 2k R E A AR E JF IR
% (OTC) Al B 42U B T 55 ( 0,-FACE) - 15 3
Pl e g G AR SR T R HE R R
0,-FACE>OTC > % 413 &, 5 4 38 <1 i ST 5 il

MM ERZ W OT TS 5 H L
0,-FACEfEH 2007 4116 JA s i BiF 98 U7 i, 4
T HARAA HAT S50 23 8] IR 2L I T AR AR

IR, A7 6 R A0 BRbR AR 28 R G AR Y ™ &
T3 AT —SE4RIE A7 —E R WT ST AE A , (H2 DL R
R R AT ST B R (1) 4y S0l 2 7 A
AR B A 25T 24T (B a0 A 1K E= BT
T ), MR e SR A8 R A AR AR L, AR
FIZ T A A 2R 9 32 B A IR ] 7 A g, Pt
LU0 4 i 0 4 SR L 4 o 38 A K AE B b
AIRRAR, FATA IR Bl = SR S80S BR AR AR S R GE 52 R Y
HRL (2) RAEX YRR KRR Ik T4
PiRhe AL | e i ] LR HAR A e S5 1F,
s ZAEI K R AR SRR b Bt — 2B 05T,
(3)3&4 A1k, KR WFFE A Fh A Tl R €A A AR bR
R XL X ) & ERFRFSE D (4) AT
FM T R R R A A A KAEBA 5
Frr PR FEAT Y, T A AR AR A T AR AR S HAD
TR & A I, LR SR R BRI T RE 2 AR KR B 7E
ATFRABISE

WA, HENT B E AR AR T S ML 1 T 12
AT LA SR PEAL BT R e, R AR 20
GEiHRR HLIRETRVRE SR G 32
ALAR B RO A T e iy G R AR
TR 250 R G 1T 7 2 SRR 1y, S92 50
Hh Y SR SRR BE R ) A K PR 5 SE B IR B AT — S 1Y
DI, AN RESE 4 S WESZ B D0 5 HLBRRC Y 0 1 CLASS
(Crop Loss Assessment System ) 1% 11""S) Martin #5
HIUR AFRCWHEAT2-0, 0 R 8145 T8 ) 3t
S R A= AL B 52 Sk A P AR AN E
FIUA ]2 22 ) 4 8 B AN i e, S B0 A A e
/U3 P 5 A AL U 3 AR R FH A AR
K PR A LA b R R 255 ROk BANE A A
AR R AL, ARG B HLAT i I, AT LAKSAD), 22 R A 4
TEAN ] M ) AR K S A X HaE AT W A AL . R
SEUSTAL L AT LA 5325 00 4 PSR ASE 8L X1
L5 TR RIS R A ok A AR Y i
FAATS JRs FRAE — 2 Ml AN 21, A9 RN Y8 L i
it B REAT) Z AR, R, AW SE R A5 R |
SROATLFRAAL v 57 Ak AL =2 18] ) P-4 58 1 57 RSO
B RAEAE BRI 72— i AR S 3 )

http ;. //www.ecologica.cn



2 4] FESC A RO XY AR P RE AR 301

ARl MR 2 PR TRDRE 2 R SR S SR X AR 5 T A
TR IR L

AR 2 iy S AU 0 X A T A B RE R A5
WL A Ja BT 55 1) 5 AR AR FE IR (1)
S 5L AU G AR AR i 1P e AR
H A DUAL RS ARG B IR IR
A HE -5 731 A B AH ELIR SR O BFST 5 (2) TS F5E
X R SR AN [ ) ) ik PR S 5 e Y 0 IR 4R
JOL BB P SRR ) 1 DN RS 15 5 1L 1  2% R T Y
HLEE, A7 PR A RO AR S 1 {5 S AL B A 1, it —
RIS TARIC FE N R RN 2 2 07 vk A 2 [
PR RN T il S8 T A 04 A BRI 5 0 1
TG, T R 2 U A T R4 0 BB Y
WF5E, 4G RN E T R 8] 25 R Ak ok O B 4t
REREY A (3) AR JFAEYI Y AR R IREE, U
HERIE T A SRFREE T BB a X RPN ; (4) B
ISR SRR X S Al R EAGHS R AR B LR o 3 2 B
IIRER MR BIWT I 23 R 5 (5) HESLBURITAL R AR
VIR

References :

[1] CaoJ L, Zhu J G, Zeng Q, Li C H. Research advance in the

effect of elevated O on characteristics of photosynthesis. Journal of

Biology, 2012, 29(1) : 66-70.

[ 2] JinM H, Huang Y Z. Review of crops damaged and yield loss by
ozone stress. Ecology and Environment, 2003, 12(4) . 482-486.

[ 3] Phillips D L, Johnson M G, Tingey D T, Storm M J. Elevated
CO, and Oj effects on fine-root survivorship in ponderosa pine
mesocosms. Oecologia, 2009, 160(4) . 827-837.

[ 4] Environmental Protection Agency. Air quality criteria for ozone and
related photochemical oxidants. Washington DC: US EPA, 2006.

[ 5] Feister U, Warmbt W. Long-term measurements of surface ozone
in the German Democratic Republic. Journal of Atmospheric
Chemistry, 1987, 5(1). 1-21.

[6] FengZ Z, Zeng H Q, Wang X K, Zheng Q W, Feng Z W.
Sensitivity of Metasequoia  glyptostroboides  to stress.
Photosynthetica, 2008, 46(3) : 463-465.

[ 7] Herman F, Smidt S, Loibl W, Bolhar-Nordenkampf H R.

ozone

Evaluation of the ozone-related risk for Austrian forests // Omasa
K, Nouchi I, Kok L J, eds. Plant Responses to Air Pollution and
Global Change. Japan: Springer, 2005; 53-61.

[ 8] Intergovernmental Panel on Climate Change. 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 and New York:
University Press, 2007.

Cambridge

[ 9] Blasing T J. Recent Greenhouse Gas Concentrations. Oak Ridge

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

National Laboratory; Carbon Dioxide Information Analysis Center.
[2013-05-10]. http://cdiac.ornl.gov/pns/current_ghg.html.
Sandermann H, Wellburn A R, Heath R L. Forest Decline and
Ozone: A Comparison of Controlled Chamber and Field
Experiments. Berlin: Springer Verlag, 1997.

Ashmore M R. Assessing the future global impacts of ozone on
vegetation. Plant, Cell & Environment, 2005, 28(8) : 949-964.
Low M, Herbinger K, Nunn A J, Hiberle K H, Leuchner M,
Heerdt C, Werner H, Wipfler P, Pretzsch H, Tausz M, Matyssek
R. Extraordinary drought of 2003 overrules ozone impact on adult
beech trees ( Fagus sylvatica ). Trees-Structure and Function,
2006, 20(5) : 539-548.

Ryang S Z, Woo SY, Kwon S Y, Kim S H, Lee SH, Kim KN,
Lee D K. Changes of net photosynthesis, antioxidant enzyme
activities,, and antioxidant contents of Liriodendron tulipifera under
elevated ozone. Photosynthetica, 2009, 47(1) . 19-25.

Wittig V E, Ainsworth E A, Long S P. To what extent do current
and projected increases in surface ozone affect photosynthesis and
stomatal conductance of trees? A meta-analytic review of the last 3
decades of experiments. Plant, Cell & Environment, 2007, 30
(9): 1150-1162.

Wittig V E, Ainsworth E A, Naidu S L, Karnosky D F, Long S
P. Quantifying the impact of current and future tropospheric ozone
on tree biomass, growth, physiology and biochemistry: a
quantitative meta-analysis. Global Change Biology, 2009, 15(2) .
396-424.

Zhang W W, Niu J F, Wang X K, Tian Y, Yao F F, Feng Z Z.
Effects of ozone exposure on growth and photosynthesis of the
seedlings of Liriodendron chinense ( Hemsl.) Sarg, a native tree
species of subtropical China. Photosynthetica, 2011, 49 (1):
29-36.

Farquhar G D, Sharkey T D. Stomatal conductance and
photosynthesis. Annual Review of Plant Physiology, 1982, 33
(1):317-345.

Zhang W W, Zhao T H, Wang M Y, He X Y, Fu S L. Effects of
elevated ozone concentration on Ginkgo biloba photosynthesis.
Chinese Journal of Ecology, 2007, 26(5) : 645-649.
Wohlgemuth H, Mittelstrass K, Kschieschan S, Bender J, Weigel
H J, Overmyer K, Kangasjirvi J, Sandermann H, Langebartels C.
Activation of an oxidative burst is a general feature of sensitive
plants exposed to the air pollutant ozone. Plant, Cell &
Environment, 2002, 25(6) : 717-726.

Andersen C P. Source-sink balance and carbon allocation below
ground in plants exposed to ozone. New Phytologist, 2003, 157
(2):213-228.

Wieser G, Matyssek R. Linking ozone uptake and defense towards
a mechanistic risk assessment for forest trees. New Phytologist,
2007, 174(1): 7-9.

Watanabe M, Umemoto-Yamaguchi M, Koike T, Izuta T. Growth
and photosynthetic response of Fagus crenata seedlings to ozone

and/or elevated carbon dioxide.

Engineering, 2010, 6(2) . 181-190.

Landscape and Ecological

http ;. //www.ecologica.cn



302 A ¥ R 34 %

[23] Manninen S, Siivonen N, Timonen U, Huttunen S. Differences in Press, 2004 1-316.
ozone response between two Finnish wild strawberry populations. [38] Rolland F, Moore B, Sheen J. Sugar sensing and signaling in
Environmental and Experimental Botany, 2003, 49(1) : 29-39. plants. The Plant Cell, 2002, 14(Supplement) : 185-205.

[24] Paoletti E. Impact of ozone on Mediterranean forests: a review. [39] Adaros G, Weigel H J, Jiger H J. Growth and yield of spring rape
Environmental Pollution, 2006, 144(2) ; 463-474. and spring barley as affected by chronic ozone stress. Zeitschrift

[25] Reiner S, Wiltshire J J J, Wright C J, Colls J J. The impact of fuer Pflanzenkrankheiten und Pflanzenschutz, 1991, 98 (5) .
ozone and drought on the water relations of ash trees ( Fraxinus 513-525.
excelsior L.). Journal of Plant Physiology, 1996, 148 (1/2): [40] Xu Y, Wang X L, An L Z. Effects of combined fumigation of
166-171. ozone and hydrogen fluoride on morphology and physiology of

[26] Silfver T, Hiikiv E, Rousi M, Holopainen T, Oksanen E. wheat leaves. Acta Botanica Boreali-Occidentalia Sinica, 1994,
Interactive effects of elevated ozone and springtime frost on growth 14(6) : 64-69.
and physiology of birch ( Betula pendula) in field conditions. [41] Zhuang M H, Chen SL, Li Y C, Guo Z W, Li Y, Yang Q P.
Trees - Structure and Function, 2008, 22(3) : 291-301. Physiological responses of Oligostachyum lubricumto the elevated

[27] Kivimdenpdd M, Selldén G, Sutinen S. Ozone-induced changes in atmospheric  ozone concentration. Acta Botanica Boreali-
the chloroplast structure of conifer needles, and their use in ozone Occidentalia Sinica, 2011, 31(7) : 1360-1366.
diagnostics. Environmental Pollution, 2005, 137(3) ; 466-475. [42] Yamaguchi M, Watanabe M, Matsuo N, Naba J, Funada R,

[28] Huang S, Zhao T H, Jin D Y, Xu S. Photosynthetic physio- Fukami M, Matsumura H, Kohno Y, Izuta T. Effects of nitrogen
response of urban Quercus mongolica leaves to surface elevated supply on the sensitivity to O; of growth and photosynthesis of
ozone concentration. Journal of Liaoning Forestry Science & japanese beech ( Fagus crenata) seedlings. Water, Air, & Soil
Technology, 2009, (5): 1-4, 34. Pollution; Focus, 2007, 7(1/3) . 131-136.

[29] Einig W, Lauxmann U, Hauch B, Hampp R, Landolt W, Maurer [43] Zhuang M H, Li Y C, Chen S L. Differences in O stress
S, Matyssek R. Ozone-induced accumulation of carbohydrates tolerance between  Phyllostachys edulis and  Oligostachyum
changes enzyme activities of carbohydrate metabolism in birch lubricum. Chinese Journal of Ecology, 2011, 30 ( 10):
leaves. New Phytologist, 1997, 137(4) : 673-680. 2191-2196.

[30] Zheng Y F, Hu C D, Wu R J, Zhao Z, Liu H J, Shi C H. [44] Wang X L, Guo Q X. The effects of ozone on respiration of the
Experiment with effects of increased surface ozone concentration plants Fuchsia hybrida Voss. and Vicia faba L.. Chinese Journal of
upon winter wheat photosynthesis. Acta Ecologica Sinica, 2010, Environmental Science, 1990, 11(2): 31-33.

30(4); 847-856. [45] LiangJ, Zeng Q, Zhu J G, Xie Z B, Liu G, Zhu C W, Cao J L,

[31] Guidi L, Bongi G, Ciompi S, Soldatini G F. In Vicia faba leaves Tang H Y. Effects of O;- FACE ( Ozone-free air control
photoinhibition from ozone fumigation in light precedes a decrease enrichment) on respiration enzymes of rice leaf. Chinese
in quantum yield of functional PSII centres. Journal of Plant Agricultural Science Bulletin, 2010, 26(6) : 260-264.
Physiology, 1999, 154(2) . 167-172. [46] Wahid A, Ghazanfar A. Possible involvement of some secondary

[32] Fiscus E L, Booker F L, Burkey K O. Crop responses to ozone: metabolites in salt tolerance of sugarcane. Journal of Plant
uptake, modes of action, carbon assimilation and partitioning. Physiology, 2006, 163(7) : 723-730.

Plant, Cell & Environment, 2005, 28(8) : 997-1011. [47] Wilson D J, Patton S, Florova G, Hale V, Reynolds K A. The

[33] Inclan R, Gimeno B S, Dizengremel P, Sanchez M. shikimic acid pathway and polyketide biosynthesis. Journal of
Compensation processes of Aleppo pine ( Pinus halepensis Mill.) Industrial Microbiology & Biotechnology, 1998, 20(5) : 299-303.
to ozone exposure and drought stress. Environmental Pollution, [48] Zhao T H, Jin D Y, Wang Y, Cao Y. Effects of phenolic
2005, 137(3): 517-524. compounds and antioxidant ability in soybean leaves under O;

[34] Ribas A, Peiiuelas J, Elvira S, Gimeno B S. Ozone exposure stress. Scientia Agricultura Sinica, 2011, 44(4) . 708-715.
induces the activation of leaf senescence-related processes and [49] Doubnerova V, Ryslava H. What can enzymes of C,
morphological and growth changes in seedlings of Mediterranean photosynthesis do for C; plants under stress? Plant Science,
tree species. Environmental Pollution, 2005, 134(2) . 291-300. 2011, 180(4) : 575-583.

[35] Bender J, Weigel HJ, Wegner U, Jiger H J. Response of cellular [50] Hatch M D, Slack C R, Bull T A. Light-induced changes in the
antioxidants to ozone in wheat flag leaves at different stages of content of some enzymes of the C,-dicarboxylic acid pathway of
plant development. Environmental Pollution, 1994, 84 (1) photosynthesis and its effect on other characteristics of
15-21. photosynthesis. Phytochemistry, 1969, 8(4) . 697-706.

[36] GuoJP, Wang CY, Bai Y M, Wen M, Huo Z G, LiuJ G, Li [51] Gérant D, Podor M, Grieu P, Afif D, Cornu S, Morabito D,
L. Effects of ozone concentration changes in the atmosphere on Banvoy J, Robin C, Dizengremel P. Carbon metabolism enzyme
physiological process and grain quality of winter wheat. Quarterly activities and carbon partitioning in Pinus halepensis Mill , exposed
Journal of Applied Meteorology, 2001, 12(2) : 255-256. to mild drought and ozone. Journal of Plant Physiology, 1996, 148

[37] Jiang G M. Plant Ecophysiology. Beijing: Higher Education (1/2) . 142-147.

http ;. //www.ecologica.cn



FURESC A SR A AR ) SR A B RE R R 303

[53]

[56]

[57]

[58]

[59]

[60]

[62]

[63]

[65]

[66]

Fontaine V, Cabané M, Dizengremel P. Regulation of

phosphoenolpyruvate carboxylase in Pinus halepensis needles
submitted to ozone and water stress. Physiologia Plantarum, 2003,
117(4) . 445-452.

Lepiniec L, Vidal J, Chollet R, Gadal P, Crétin C.

s

Phosphoenolpyruvate regulation and
evolution. Plant Science, 1994, 99(2) . 111-124.

Shi Y C, Liu W Q. Ascorbate oxidase in plants. Plant Physiology
Communications, 2008, 44(1) . 151-154.

Guo Y, Zhu J, Xu Z C, Zhang S C. Progress of ascorbic acid

carboxylase: structure,

oxidase in plant science. Chinese Agricultural Science Bulletin,
2008, 24(3): 196-199.

LongS P, Humphries S, Falkowski P G. Photoinhibition of
photosynthesis in nature. Annual Review of Plant Physiology and
Plant Molecular Biology, 1994, 45(1) : 633-662.

Zhan Y L. Studies on glycolate oxidase activity in mulberry leaves
from different varieties. Science of Sericulture, 2007, 33 (1)
98-101.

Dong W X, Chen Z M. The effect of elevated ozone concentration
on plants and insects. Acta Ecologica Sinica, 2006, 26 ( 11) .
3878-3884.

Booker F L, Miller J E. Phenylpropanoid metabolism and phenolic
composition of soybean [ Glycine max ( L.) Merr.] leaves
following exposure to ozone. Journal of Experimental Botany,
1998, 49(324) . 1191-1202.

Kangasjirvi J, Talvinen J, Utriainen M, Karjalainen R. Plant
defence systems induced by ozone. Plant, Cell & Environment,
1994, 17(7) : 783-794.

Jordan D N, Green T H, Chappelka A H, Lockaby B G, Meldahl
R S, Gjerstad D H. Response of total tannins and phenolics in
loblolly pine foliage exposed to ozone and acid rain. Journal of
Chemical Ecology, 1991, 17(3) . 505-513.

Booker F L, Anttonen S, Heagle A S. Catechin, proanthocyanidin
and lignin contents of loblolly pine ( Pinus taeda) needles after
chronic exposure to ozone. New Phytologist, 1996, 132 (3):
483-492.

Lavola A, Julkunen-Tiitto R, Piikkonen E. Does ozone stress
change the primary or secondary metabolites of birch ( Betula
pendula Roth.) ? New Phytologist, 1994, 126(4) . 637-642.
Lindroth R L, Kopper B J, Parsons W F J, Bockheim J G,
Karnosky D F, Hendrey G R, Pregitzer K S, Isebrands J G,
Sober J. Consequences of elevated carbon dioxide and ozone for
foliar chemical composition and dynamics in trembling aspen
( Populus tremuloides ) and paper birch ( Betula papyrifera ).
Environmental Pollution, 2001, 115(3) : 395-404.

Booker F L. Influence of carbon dioxide enrichment, ozone and
nitrogen fertilization on cotton ( Gossypium hirsutum L.) leaf and
root composition. Plant, Cell & Environment, 2000, 23 (6) .
573-583.

Rao M V, Lee H, Creelman R A, Mullet J] E, Davis K R.
Jasmonic acid signaling modulates ozone-induced hypersensitive

cell death. The Plant Cell, 2000, 12(9) : 1633-1646.

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

Sun J W, Zhao TH, Fu Y, Hu Y Y, Xu L, Zhao Y X, Shi Y.
Effects of elevated O5 concentration on maize active oxygen species
metabolism and antioxidative enzymes activities. Journal of Agro-
Environment Science, 2008, 27(5) : 1929-1934.

Zheng Y F, Hu C D, Wu R J, Liu R N, Zhao Z, Zhang ] E.
Effects of ozone stress upon winter wheat photosynthesis, lipid
peroxidation and antioxidant systems. Environmental Science,
2010, 31(7): 1643-1651.

Jin M H, Feng Z W, Zhang F Z. Effects of ozone on membrane
lipid peroxidation and antioxidant system of rice leaves. Chinese
Journal of Environmental Science, 2000, 21(3) . 1-5.

Asada K. The water-water cycle in chloroplasts: scavenging of
active oxygens and dissipation of excess photons. Annual Review of
Plant Physiology and Plant Molecular Biology, 1999, 50(1):
601-639.

Pasqualini S, Batini P, Ederli L, Porceddu A, Piccioni C, De
Marchis F, Antonielli M. Effects of short-term ozone fumigation on
tobacco plants: response of the scavenging system and expression
of the glutathione reductase. Plant, Cell & Environment, 2001,
24(2) . 245-252.

Wu F F, Zheng Y F, Wu R J, Wang J Q. Concentration of O; at
the atmospheric surface affects the changes characters of
antioxidant enzyme activities in Triticum aestivum. Acta Ecologica
Sinica, 2011, 31(14) . 4019-4026.

Kim Y H, Lim S, Han S H, Lee J C, Song W K, Bang ] W,
Kwon S Y, Lee H S, Kwak S S. Differential expression of 10
sweetpotato peroxidases in response to sulfur dioxide, ozone, and
ultraviolet radiation. Plant Physiology and Biochemistry, 2007, 45
(12): 908-914.

Gressel J, Galun E. Genetic controls of photooxidative tolerance
// Foyer C H, Mullineaux P M, eds. Causes of Photooxidative
Stress and Amelioration of Defense Systems in Plants. Boca Raton
CRC Press Inc., 1994.

Zhang W W, Zheng F X, Wang X K, Feng Z Z, Ouyang Z Y,
Feng 7 W. Effects of elevated ozone on rice ( Oryza sativa L.) leaf
lipid peroxidation and antioxidant system. Chinese Journal of
Applied Ecology, 2008, 19(11) : 2485-2489.

Zhang W W, Zheng F X, Wang X K, Feng Z Z, Ouyang Z Y.
Effects of ozone on root activity, soluble protein content and
antioxidant system in Oryza sativa roots. Chinese Journal of Plant
Ecology, 2009, 33(3) : 425-432.

Bowler C, Montagu M V, Inze D. Superoxide dismutase and stress
tolerance. Annual Review of Plant Physiology and Plant Molecular
Biology, 1992, 43(1) . 83-116.

Calatayud A, Ramirez ] W, Iglesias D J, Barreno E. Effects of
ozone on photosynthetic CO, exchange, chlorophyll a fluorescence
and antioxidant systems in lettuce leaves. Physiologia Plantarum,
2002, 116(3) : 308-316.

Yan K, Chen W, Zhang G Y, He X Y, Li X, Xu S. Effects of
elevated CO, and O; on active oxygen metabolism of Quercus
mongolica leaves. Chinese Journal of Applied Ecology, 2010, 21
(3): 557-562.

http ;. //www.ecologica.cn



34 4%

[81]

[82]

[83]

[86]

[89]

[90]

[91]

[93]

[94]

Wang J L, Wang Y, Zhao T H, Cao Y, Liu Y L, Duan M.
Effects of ozone on AsA-GSH cycle in soybean leaves. Acta
Ecologica Sinica, 2011, 31(8) . 2068-2075.

Tanaka K, Machida T, Sugimoto T. Ozone tolerance and
glutathione reductase in tobacco cultivars. Agricultural and
Biological Chemistry, 1990, 54(4) . 1061-1062.

Calatayud A, Iglesias D J, Taléon M, Barreno E. Effects of 2-
month ozone exposure in spinach leaves on photosynthesis,
antioxidant systems and lipid peroxidation. Plant Physiology and
Biochemistry, 2003, 41(9) : 839-845.

Alscher R G, Erturk N, Heath L S. Role of superoxide dismutases
(SODs ) in controlling oxidative stress in plants. Journal of
Experimental Botany, 2002, 53(372) . 1331-1341.

Zheng Q W, Wang X K, Feng Z Z, Song W Z, Feng Z W. Ozone
Effects on chlorophyll content and lipid peroxidation in the in situ
leaves of winter wheat. Acta Botanica Boreali-Occidentalia Sinica,
2005, 25(11) ; 2240-2244.

Ruan Y N, He X Y, Chen W, Xu S, Sun Y. Effects of elevated
ozone on anti-oxidative system in plants. Chinese Journal of
Ecology, 2008, 27(5) : 829-834.

Zheng Q W, Wang X K, Xie J Q, Feng Z Z, Feng Z W, Ni X
W, Ouyang Z Y. Effects of exogenous ascorbate acid on membrane
protective system of in situ rice leaves under O; stress. Acta
Ecologica Sinica, 2006, 26(4) . 1131-1137.

Ruan Y N, He X Y, Chen W, Chen Z J, Sun Y. Effects of
elevated O; concentration on anti-oxidative enzyme activities in
Pinus tabulaeformis. Chinese Journal of Applied Ecology, 2009,
20(5): 1032-1037.

Bassin S, Volk M, Fuhrer J. Factors affecting the ozone sensitivity
of temperate European grasslands: an overview. Environmental
Pollution, 2007, 146(3): 678-691.

Huang Y Z, Zhong M, Sui L H, Wang W, Geng C M, Yin B H.
Effects of ozone stress on visible injury symptom, nitrogen
metabolism, and the contents of proline and glutathione in winter
wheat leaves. Journal of Agro-Environment Science, 2012, 31
(8): 1461-1466.

Gao J X, Zhang L B, Shu J M, Cao H F. Effects of ozone on plant
metabolism. Rural Eco-Environment, 1996, 12(4) ; 42-46.
Heath R L. The biochemistry of ozone attack on the plasma
membrane of plant cells // Saunders J, Kosak-Channing L., Conn
E, eds. Recent Advances in Phytochemistry. Phytochemical
Effects of Environmental Compounds. New York: Plenum Press,
1987 29-54.

Lie G W, Xue L. Progress of cold-tolerance physiological study of
Eucalyptus. Guangdong Agricultural Sciences, 2012, 39(5) . 56-
58, 64.

LiW B, Wang Y L, Li F, Liu J, Li X. Relationship between
active oxygen and protective enzymes in Tamarix ramosissima
under water stress. Journal of Xinjiang Agricultural University,
2007, 30(1) : 30-34.

Redondo F J, de la Penia T C, Morcillo C N, Lucas M M, Pueyo

J J. Overexpression of flavodoxin in bacteroids induces changes in

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

antioxidant metabolism leading to delayed senescence and starch
accumulation in alfalfa root nodules. Plant Physiology, 2009, 149
(2): 1166-1178.

Pleijel H, Eriksen A B, Danielsson H, Bondesson N, Selldén G.
Differential ozone sensitivity in an old and a modern Swedish wheat
cultivar-grain yield and quality, leaf chlorophyll and stomatal
conductance. Environmental and Experimental Botany, 2006, 56
(1):63-71.

Le Thiec D, Manninen S. Ozone and water deficit reduced growth
of Aleppo pine seedlings. Plant Physiology and Biochemistry,
2003, 41(1): 55-63.

Thomas V F D, Braun S, Fluckiger W. Effects of simultaneous
ozone exposure and nitrogen loads on carbohydrate concentrations ,
biomass, and growth of young spruce trees ( Picea abies ).
Environmental Pollution, 2005, 137(3) : 507-516.

Piikki K, Vorne V, Ojanperi K, Pleijel H. Impact of elevated O
and CO, exposure on potato ( Solanum tuberosum L. cv. Bintje)
(N, P, K, Mg, Ca).
Ecosystems and Environment, 2007, 118(1/4) ; 55-64.

tuber macronutrients Agriculture,,
Fangmeier A, Griiters U, Hertstein U, Sandhage-Hofmann A,
Vermehren B, Jiger H J. Effects of elevated CO, nitrogen supply
and tropospheric ozone on spring wheat. I. Growth and yield.
Environmental Pollution, 1996, 91(3) : 381-390.
Fangmeier A, De Temmerman L, Black C, Persson K, Vorne V.
Effects of elevated CO, and/or ozone on nutrient concentrations
and nutrient uptake of potatoes. European Journal of Agronomy,
2002, 17(4) : 353-368.
Inclan R, Gimeno B S, Pefiuelas J, Gerant D, Quejido A.
Carbon isotope composition, macronutrient concentrations, and
carboxylating enzymes in relation to the growth of Pinus halepensis
Mill. when subject to ozone stress. Water, Air, & Soil Pollution,
2011, 214(1/4) . 587-598.
Zheng F X, Wang X K, Hou P Q, Zhang W W, Lu F, Ouyang
Z Y. Influences of elevated ozone on growth and C, N, S
allocations of rice. Acta Ecologica Sinica, 2011, 31 (6):
1479- 1486.
Drogoudi P D, Ashmore M R. "C-allocation of flowering and
deblossomed strawberry in response to elevated ozone. New
Phytologist, 2001, 152(3) : 455-461.
Chen J, Zeng Q, Zhu J G, Liu G, Xie Z B, Tang H Y,
Kazhuhiko K. Interactive effects of elevated ozone and nitrogen on
dry matter production, concentration and accumulation of
nitrogen, phosphorus and potassium in winter wheat. Ecology and
Environmental Sciences, 2011, 20(4) : 616-622.
Temple P J, Riechers G H. Nitrogen allocation in ponderosa pine
seedlings exposed to interacting ozone and drought stresses. New
Phytologist, 1995, 130(1) : 97-104.
Yonekura T, Yoshidome M, Watanabe M, Honda Y, Ogiwara I,
Tzuta T. Carry-over effects of ozone and water stress on leaf
phenological characteristics and bud frost hardiness of Fagus
crenata seedlings. Trees-Structure and Function, 2004, 18(5) :
581-588.

http ;. //www.ecologica.cn



2 19 IS A R0 XA ) 2 B A BT R Y R 305
[107] Paoletti E, Ranieri A, Lauteri M. Moving toward effective ozone elevated ozone episodes. Functional Plant Biology, 2000, 27

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

flux assessment. Environmental Pollution, 2008, 156 (1)
16-19.

Miyazaki S, Fredricksen M, Hollis K C, Poroyko V, Shepley D,
Galbraith D W, Long S P, Bohnert H J. Transcript expression
profiles of Arabidopsis thaliana grown under controlled conditions
and open-air elevated concentrations of CO, and of O;. Field
Crops Research, 2004, 90(1) . 47-59.

Cho K, Shibato J, Kubo A, Kohno Y, Satoh K, Kikuchi S,
Agrawal G K, Sarkar A, Rakwal R. Genome-wide mapping of
the ozone-responsive transcriptomes in rice panicle and seed
their

insight into regulatory events.

Biotechnology Letters, 2013, 35(4) : 647-656.

tissues reveals mnovel
Pelloux J, Jolivet Y, Fontaine V, Banvoy J, Dizengremel P.
Changes in Rubisco and Rubisco activase gene expression and
polypeptide content in Pinus halepensis M. subjected to ozone and
drought. Plant, Cell & Environment, 2001, 24(1) . 123-131.
Dizengremel P, Le Thiec D, Hasenfratz-Sauder M P, Vaultier M
N, Bagard M, Jolivet Y. Metabolic-dependent changes in plant
cell redox power after ozone exposure. Plant Biology, 2009, 11
(Supplement 1) ; 35-42.

Short E F, North K A, Roberts M R, Hetherington A M, Shirras
A D, McAinsh M R. A stress-specific calcium signature
regulating an ozone-responsive gene expression network in
Arabidopsis. The Plant Journal, 2012, 71(6) : 948-961.

Yang L X, Wang Y L, Shi G Y, Wang Y X, Zhu J G,
Kobayashi K, Lai S K. Responses of rice growth and development
to elevated near-surface layer ozone ( O; ) concentration; A
review. Chinese Journal of Applied Ecology, 2008, 19 (4).
901-910.

Yao F F, Wang X K, Feng Z W, Ouyang Z Y. Research
advances in simulation models of ozone impact on crops. Chinese
Journal of Ecology, 2007, 26(4) . 571-576.

Mathy P. The FEuropean open-top chambers programme .
objectives and implementation // Assessment of Crop Loss from
Air Pollutants. New York: Elsevier Applied Science, 1988
505-513.

Massman W J, Musselman R C, Lefohn A S. A conceptual ozone
dose-response model to develop a standard to protect vegetation.
Atmospheric Environment, 2000, 34(5) . 745-759.

Tong L, Feng Z W, Sudebilige, Wang Q, Geng C M, Lu F,
Wang W, Yin B H, Wang X K. Stomatal ozone uptake modeling
and comparative analysis of flux-response relationships of winter
wheat. Acta Ecologica Sinica, 2012, 32(9) ; 2890-2899.
Kobayashi K. Modeling and assessing the impact of ozone on rice
growth and yield // Berglund R, ed. Tropospheric Ozone and the
Environment. Pittsburgh: Air & Waste Management Association,
1992 537-551.

Martin M J, Farage P K, Humphries S W, Long S P. Can the
stomatal changes caused by acute ozone exposure be predicted by
changes occurring in the mesophyll? A simplification for models

of vegetation response to the global increase in tropospheric

[120]

[121]

[122]

[123]

(3):211-219.

Ewert I, Porter ] R. Ozone effects on wheat in relation to CO, :
modelling  short-term  and  long-term  responses of leaf
photosynthesis and leaf duration. Global Change Biology, 2000,
6(7): 735-750.

Woodbury P B, Beloin R M, Swaney D P, Gollands B E,
Weinstein D A. Using the ECLPSS software environment to build
a spatially explicit component-based model of ozone effects on
forest ecosystems. Ecological Modelling, 2002, 150 (3 ).
211-238.

Nussbaum S, Remund J, Rihm B, Mieglitz K, Gurtz J, Fuhrer
J. High-resolution spatial analysis of stomatal ozone uptake in
arable crops and pastures. Environment International, 2003, 29
(2/3) : 385-392.

Emberson L D, Ashmore M R, Cambridge H M, Simpson D,

Tuovinen J P. Modelling stomatal ozone flux across Europe.

Environmental Pollution, 2000, 109(3) . 403-413.

Sk

(1]

(2]

[18]

[28]

[30]

[36]

[37]

[40]

[41]

[43]

[44]

[45]

[48]

[54]

WERE, REEE, Wi, 2EE WHERAQREA Y
FeA R BT k. A 2E 4%, 2012, 29(1) ; 66-70.
SMLT, TR RATTYM0 X AR A K 5 e i i S .
HEREREE, 2003, 12(4) : 482-486.

RERE, BRE, BEE, oo, & REAWEA S
WA, LAk, 2007, 26(5) : 645-649.
WL, R, AR, IR TS5 AR b 2 R AR
FreE A BN I TR R, 2009, (5): 1-4, 34.
WA, BIFE, RORA, BV, X%, AHL. MRRLE
RGN X & /N e A AR R MRS . A 25 24, 2010, 30
(4) : 847-856.

WETV, THEZ, AAW, \BE, BirE, Tk, 2=
R S BE AR AR A /N SE A B 3 AR RRFRL S I 5 )
FR G234, 2001, 12(2) ; 255-256.

V. A AR AR bl AR ECE AL, 2004,
1-316.

e, Tk, Z8Y. RAMBILAE GENET B
BAEBHLEER . PEILAEYI2EHR, 1994, 14(6) : 64-69.
FERRNEG , BRAUN, 2=, TR, 200, BT WA
KASLE e B T v i 26 B 7. P b RE 24 4, 2011, 31
(7): 1360-1366.

FEBNE , 2R3 BROBURK. A0 0 DU 2 0t 5L 483 1 it 32
5t RN, 2011, 30(10) ; 2191-2196.

T, SRTEEE. SLAEHEIEE S R A ST AR AR . 3R
BRI, 1990, 11(2) : 31-33.

Zhfh, BT, RAE, WREM, XK, KERE, WhRE, HR
TR PR S AR B T TR X AR R I R T A R A S Rl 1) 5
R E A 2E3E R, 2010, 26(6) ; 260-264.

BRE, &AH, T, B SLaEa KEmReay &
AP AL AR 1 B . T E RO R, 2011, 44(4) .
708-715.

Ak, X TR MY T A BUIR I R A AL . AR ) A B A E

AP

N

http ;. //www.ecologica.cn



306 2 ST

S

34 4%

[55]

[57]

[58]

[67]

[68]

[79]

i, 2008, 44(1): 151-154.

TRHE, RN, VFA B, TR AP R E AR 0 AT

JEE. rpE AR, 2008, 24(3) : 196-199.

Pk SR, Ze v 2 BERR S T S Pk B IR gE . AR, 2007,

33(1): 98-101.

HFOCEE, BROSIEE. RS B T v B A S R Ui 5
AR, 2006, 26(11) ; 3878-3884.

VNG, BRE, 15, AR, R, B2k, B2

T R X TR AR B AR S P Y R . Al A

BERIE2AR | 2008, 27(5) : 1929-1934.

HAE, ARRL, R, XIHGHE, B, skA . SUANA

W& /NFE A VER BRE i S b FT R AL R SRR R . SRR

%2010, 31(7) ; 1643-1651.

SHILL, W, SRR, SLEXTK R A B

LR G, SR, 2000, 21(3) : 1-5.

RIFIF, AT, REE, TR iR SR /NP

F T M AR Ak 3h A 0 R om. A3 IR, 2011, 31(14);.

4019-4026.

TRBLAE, A8, TARL, IR, BRIEE =, k. KR
SR B T o K R P R TR S AU A B R A il T A 1 S

R AE 5223, 2008, 19(11) ; 2485-2489.

TRERE, B, ERBE, EIKE, BHE S, BAEXT KRR

RIED) IR O SRSPUEMLRE NN, Y AT

2, 2009, 33(3) ; 425-432.

B

UEERARIET R

B, BRES, TREA, f%TT, 20, IR S e A fl ik
LSRR 55 7ty R I R 3 T S A A R . o AR A R

2010, 21(3) ; 557-562.

FfIr, B, BRE, EAE, XEE, B REEMO XK
S PUIR AR - A8 B IR FR B R AR 2SS4, 2011, 31
(8) : 2068-2075.

KRR, £, IR, R
TANEOLE AR R
2005, 25(11) ; 2240-2244.

L TSI RO R S
%MJC RZIE. DY LA A 7 4

[85]

[86]

[87]

[89]

[90]

[92]

[93]

[102]

[104]

[113]

[114]

[117]

BESEIB | 2400, BRE, HRMk, PNRY. SLAUHR B T XA Bt
ARG, A% A4k, 2008, 27(5) : 829-834.
Homd, FRORE, HHEE, B, ok, e, BRHE
Z5. AMEPUIR IR X R A DE T KRR R AR B 2R S R
AR, 2006, 26(4) : 1131-1137.
BESEIB | 2400, BREh, PRIRZS, PhRN. GLAUHK B T s Xt i
YL R GE 06 R R . R AR S 2 ik, 2009, 20(5)
1032-1037.
FARSR, PP, BESrAE, TEE, BREAME, B 075 el
AN B0 R B L I e AR R A A e R A
. IR 22 2012, 31(8) : 1461-1466.
o, R, PR, Wbk, RAERHE YR MR
W, R AR S IR ) 1996, 12(4) ; 42-46.
B SC, BESL. M HLSE R BRI k. ) AR RHF, 2012,
39(5): 56-58, 64.
ks, BMe, 205, XA, ZE. KA T Z RN
PGPS PR B i 1 6 R BT AR L K 2 24 4, 2007, 30
(1) 30-34.

HOCH, FACRE, etk skaigl, AR, BHER . AW
JEXTKRE AR LK C NS J6EK 4 e 5 . A A2,

2011, 31(6) : 1479-1486.
WRif, B, REER, XUH, WM, BRG, DIMmE. 5

AMAENZEEX/NE TP AE™ NP K&
. SRR, 2011, 20(4) : 616-622.
WwiEw, £k, AWK, EaE, RERE, Kobayashi K, i

N B

L T R R S AR X KRR AR R R S A T R
JHA A, 2008, 19(4) ; 901-910.
W57, TRORE, MR, BRIz SR AR AR YRS i

B, AR 2SRk, 2007, 26(4) ; 571-576.

P, IoRHE, IR - Be ks, BB, BKEME, 2k, TH,
BTN, FARE. /N SR El A Sl i i e R
B FL M. A SRR, 2012, 32(9) : 2890-2899.

http ;. //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.34,No.2 Jan. ,2014( Semimonthly)
CONTENTS

Frontiers and Comprehensive Review
Effects of soil texture on variations of paddy soil physical and chemical properties under continuous no tillage — =r=vrereerereeerreeeeeeees

..................................................................................................................... GONG Dongqin y LU Jun ( 239 )

Evaluation of the landscape patterns vulnerability and analysis of spatial correlation patterns in the lower reaches of Liaohe River

N SUN Caizhi, YAN Xiaolu,ZHONG Jinggiu (247)
Effects of light and dissolved oxygen on the phenotypic plasticity of Alternanthera philoxeroides in submergence conditions =+ «+++=+---+-
....................................................................................... XU Jianping, ZHANG Xiaoping, ZENG Bo, et al (258)
A review of the relationship between algae and bacteria in harmful algal blooms —«+s++++sssseesssssessmisnniitiiii
.......................................................................................... ZHOU Jin, CHEN Guofu,ZHU Xiaoshan, et al (269)
Biodiversity and research progress on picophytoplankton in saline lakes =r=e+eroerereeereeerereeeene WANG Jiali, WANG Fang (282)
Effects of ozone stress on major plant physiological functions —=+rerrrrersrrererrereeereeeene. LIE Ganwen, YE Longhua, XUE Li (294)
The current progress in rodents molecular phylogeography — «-+seeeeerereeersmeeceeeeeees LIU Zhu, XU Yanchun, RONG Ke, et al (307)
The progress in ecosysSlem SEIviCes MAPPINgG: @ TEVIEW  +++++++ssssssssssssansssanisttiiittiit e ZHANG Liwei, FU Bojie (316)

Autecology & Fundamentals
Growth, and cationic absorption, transportation and allocation of Elaeagnus angustifolia seedlings under NaCl stress «coereeeereeeeeeeees
.............................................................................. LIU Zhengxiang, ZHANG Huaxin, YANG Xiuyan, et al (326)

Leaf morphology and PS II chlorophyll fluorescence parameters in leaves of Sinosenecio jishouensis in Different Habitats «+«+eseeeeeeees

.................................................................................... XIANG Fen, ZHOU Qiang, TIAN Xiangrong, et al (337)
Response of change of wheat LAT measured with LAI-2000 to the radianee «-+-+s+sssssssesesssessmninieii s
....................................................................................... WANG Yan, TIAN Qingjiu, SUN Shaojie, et al (345)
Effects of K* and Cr®* on larval development and survival rate of the acorn barnacle Balanus reticulatis «==+++++++sseesesssseeseeeniinnn:

............................................................................................. HU Yufeng, YAN Tao, CAO Wenhao, et al (353)
Diffusion of colorado potato beetle, Leptinotarsa decemlineata, adults in field -+ LI Chao, PENG He, CHENG Dengfa, et al (359)
Population, Community and Ecosystem
Seasonal variations in fish community structure in the Laizhou Bay and the Yellow River Estuary — +rocoerecorrerorerreeaerereiereeeenne.
....................................................................................... SUN Pengfei, SHAN Xiujuan, WU Qiang, et al (367)
Variations in fish community structure and diversity in the sections of the central and southern Yellow Sea ++vocoeeveereereereaeaereeeeee.
................................................................................. SHAN Xiujuan, CHEN Yunlong, DAI Fangqun, et al (377)
Research on the difference in eutrophication state and indicator threshold value determination among lakes in the Southern Jiangsu
Province, CRINa «+++oseereessssnmrmessmmninresiiiiiie it CHEN Xiaohua, LI Xiaoping, WANG Feifei, et al (390)
Effection of tidal creek system on the expansion of the invasive Spartina in the coastal wetland of Yancheng «:-eceeeeereeerreeeereeeeeeens
....................................................................................... HOU Minghang, LIU Hongyu, ZHANG Huabing (400)
The spatial and temporal variations of maximum light use efficiency and possible driving factors of Croplands in Jiangsu Province -+
.......................................................................................... KANG Tingting, GAO Ping, JU Weimin, et al (410)
Simulation of summer maize yield influenced by potential drought in China during 1961—2010 :-cterecerrerrrereemreneiiieieieieien..
................................................................................................ CAO Yang, YANG Jie, XIONG Wei, et al (421)
Forest change and its impact on the quantity of oxygen release in Heilongjiang Province during the Past Century —+e+eseeerreeeeseeeeeeees

.......................................................................................... ZHANG Lijuan , JIANG Chunyan , MA Jun et al (430)



526 £z % R 34 4

Soil macro-faunal guild characteristics at different successional stages in the Songnen grassland of China — correrererreeeerereneieeneneene.
................................................................................................... LI Xiaogiang, YIN Xiugin, SUN Lina (442)
Seasonal dynamics of soil microbial biomass in six forest types in Xiaoxing’an Mountains, China = cosorrerrerrersereeeeeeereeieneeen.
................................................................................................... LIU Chun, LIU Yankun, JIN Guangze (451)
Landscape, Regional and Global Ecology
Variation of drought and regional response to climate change in Huang-Huai-Hai Plain  -++ XU Jianwen,JU Hui,LIU Qin,et al (460)
Wind speed changes and its influencing factors in Southwestern China ««++«==s+ssssssesrssmsmmis et
................................................................................. ZHANG Zhibin, YANG Ying,ZHANG Xiaoping, et al (471)
Characteristics of soil carbon density distribution of the Kobresia humilis meadow in the Qinghai Lake basin = +e+ereeeeereeerreeeereeeeeenns
.............................................................................. CAO Shengkui, CHEN Kelong, CAO Guangchao, et al (482)
Life cycle assessment of carbon footprint for rice production in Shanghai --------- CAO Liming, LI Maobai, WANG Xinqi, et al (491)
Research Notes
Seasonal changes of ground vegetation characteristics under artificial Caragana intermedia plantations with age in desert steppe  +*-+-
.......................................................................................... LIU Rentao, CHAI Yongging, XU Kun, et al (500)
The experimental study on trans-regional soil replacement —+:ceteseserererrreeeeineeeeee. JIN Yinghua,XU Jiawei, QIN Lijie (509)
Sensitivity analysis of swat model on changes of landscape pattern: a case study from Lao Guanhe Watershed in Danjiangkou

ReSEervoir Area  coreeeerereteeeetetattettittteestitetaastetstsstetessttosstosstsssstsssasnsnns WEI ChOl’lg, SONG Xuan, CHEN ]1e (517)



CEDFRY2014 F£4EITBE

(RS & th P ERFER AR S 34 D EAE SRS P ERE B A SO RIS
A AR T AT 1981 4F  Hi18 AR S 2 ST U B PR G QBT PERF IR R . R B AEST L, AR
GG (7 AREERIAIZ, ) KAES R TR IR R AR WA A SR R B g m &,
PR HEA AR AF G RN R R | SRy 3 55 55 008 il A 2524 RHIE A A AR BT IR 55y 6] R 28 0 i R & R IR 55

(RS AR) TG AR 252 A% ) S 2R T B R A B 6 0 1 IS 1) S0 B P BT L 5 3 X
A8 S BRI A S 2 R T T [l (A P 75 £ i 1 SR RS FRT A s A A e BT BB AR 41 9 B4 A
SR B ShAS B IFEE = AA 4%

(AR J2E A ), K 16 TP ,280 BT, [ & 90 Jo/ M, 242 M 2160 G,

IR A0S . 82-7, EAMIE & 105 . M670

FrfETS . ISSN 1000-0933 €N 11-2031/Q

AR A5 S SRy R AT LT ), A P B S AR AR R K, WG KR TAEE B | S pe AR S
e AN

Eiflthdl . 100085 Jb AU IE XSG 18 5 HB WE: (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. cn ™ ik . www. ecologica. cn

REMERE oty HITHE XIKE B ¥

5 5 %2 W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEAT 1981 483 A BITI) (Semimonthly , Started in 1981)

34k F2H (201441 H) Vol. 34 No.2 (January, 2014)
P L= <</5|3,7§%ﬂi>> Y R Edited by Editorial board of
Ml - UV E X XU K 18 5 ACTA ECOLOGICA SINICA
HE L2 S : 100085 Add: 18 , Shuangging Street, Haidian, Beijing 100085 , China
L3 : (010)62941099 Tel: (01062941099

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

shengtaixuebao@ rcees. ac. cn

; g ig;ﬁ%&*ﬁ}% Editor-in-chief WANG Rusong
S I ThE AT L Supervised by China Association for Science and Technology
o [ B e A 2 IR B RF ST PO Sponsored by Ecological Society of China
ik . JC R TE X AE R 18 5 Research Center for Eco-environmental Sciences, CAS
I 1B 2 A - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & 13 it Published by Science Press
Mol b R E AR 16 5 Add:16 Donghuangchenggen North Street,
Hl B i . 100717 Beijing 100717, China
Ep R AEEAEARER R T Printed by Beijing Bei Lin Printing House,
£ 1T # 4 & K & Beijing 100083 , China
Hihk . 7R PR L 16 5 Distributed by Science Press m g=
MR EL i : 100717 Add:16 Donghuangchenggen North o
HLT : (010)64034563 Street, Beijing 100717, China ? ==
- E@E%ﬁum?}%@ cspg. net Tel; (010)64034563 S =§
ESNEAT o R 4 55 g omail:joumal @ cspg. net =
Hil . LI 399 {545 Domestic All Local Post Offices in China > g
MBI 4555 . 100044 Foreign China International Book Trading 3 E
J_%ééfé." Y e poe - Corporation - N~
v Ap MRS 8013 5 Add:P. 0. Box 399 Beijing 100044, China =
155N 10709953 RAMATF& 1T EREE RS 827 ESMEATR S M670 R 90.00 7

CN 11-2031/Q



	封面.pdf
	封面.pdf
	ml中.pdf

	stxb201305161086.pdf
	封底.pdf
	ml英.pdf
	02fd.pdf




