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Combined effects of elevated O, concentration and reduced solar irradiance on

photosynthetic activity and energy dissipation of winter wheat
SUN Jian', ZHENG Youfei" > ** | WU Rongjun’, XU Jingxin®, LI Jian’

1 College of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China
2 Jiangsu Key Laboratory of Atmospheric Environmental Monitoring and Pollution Control, Nanjing 210044, China
3 College of Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing 210044, China

Abstract: At present, the aerosol radiative effect is the focus of many scholars and the solar radiation attenuated by direct
or indirect effect to cause crop photosynthetic capacity decreased, resulting in crop production; At the same time the surface
concentration of O, continuously increased, O, has strong negative effect on crop growth and metabolic processes and O, was
direct threat to food safety to crops. Providing the basis for the security of National grain assessments and production under
the conditions of reduced solar irradiance and elevated ozone concentration and other changes in atmospheric. Used open-top
chamber (OTC) and black shading network to launch a fumigation level and two kinds of irradiance reduction degree.
(field: CK, T1:. shading 20%, T2. shading 40%, T3. 100nL/L O, concentration, T4 100nL/L O, concentration and
shading 20% compound, T5: 100nL / L O, concentration and shading 40% compound ) . The results showed that contrasting
to CK, the Fuo/Fm(PSIl maximum quantum yield) , L, (the relative limit of Photosynthetic function) of T1 treatment

are similar and had no obvious changes, but the Yield, gP ( Photochemical quenching coefficient), Y (NO) (the non
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regulation of energy dissipation in quantum yield) , (1-¢P)/NPQ(Light quantum excess degree) are decreased by 1.3%—
21.5%, 7.5%—21.2%, 14.8%—20.6%, 27.7%—51.4% and NPQ ( non photochemical quenching coefficient), Y
(NPQ) (regulation of energy dissipation in quantum yield) are increased by 12.0%—31.9%, 53.4%—116%. Fv/Fm of
T2 treatment had no significant changes, The Yield, ¢P, Ly, , Y(NO), (1-gP)/NPQ were decreased by 13.2%—
34.0%, 16.9%—36.2% , 6.8%—8.3% , 2.8%—16.0% , 23.1%—32.7% , The NP(Q, Y( NPQ) were increased downby
15.9%—38.2% 39.5%—65.4%. The Fv/Fm, Yield ( Optical system II actual photochemical efficiency), gP of T3
treatment were decreased by 11.8%—12.6% , 19.1%—28.0%, 15.6%—43.1%. The L ., , NPQ, Y (NPQ), Y (NO),
(1-gP)/NPQ increased by 1.1%—7.2% , 20.8%—83.6% , 12.6%—40.3% , 3.9%—22.2% obviously, 0.6%—34.1%.
Fv/Fm, Ly, of T4 treatment were similar to CK and compared with CK, the Yield, ¢P, Y(NO), (1-gP)/NPQ
decreased by 12.7%—42.8%, 7.2%—14.4% 18.8%—27.5%, 16.4%—45.1% and NPQ, Y ( NP(Q) increased by
13.4%—45.2% 6.9%—110.8%. Fv/Fm, Yield, ¢P, L, , Y(NO), (1-gP)/NPQ of T5 treatment compared with CK,
decreased by 30.4%—50.9% , 27.7%—43.2%, 2.2%—4.9% , 2.2%—10.2%, 23.3%—26.2%, 47.1%—61.6% and
NPQ, Y(NPQ) increased by 27.5%—51.6% 63.3%—142.7%. Those results showed that (1) the single factor of Ozone
significantly changed photosynthetic activity and distribution of light energy of winter wheat leaves but the single factor of
reduced solar radiation alleviated negative effect photosynthesis restriction of winter wheat to a certain extent. (2) Further,
under the combined stress, the light energy of winter wheat distributed more to regulatory heat dissipation. Composite action
enhanced obviously the heat dissipation capability of winter wheat Radiation attenuation effect could cause winter wheat at
the ozone stress self-regulated to better adapt to the adverse environment. Reducing appropriate the amount of solar radiation
under Ozone stress could alleviate and reduce the light injury of winter wheat leaves. (3) Reducing solar radiation under the
Ozone stress could inhibition the light injury and ensure the winter wheat optical system function normally and the normal
growth of Winter Wheat. (4) In spite of winter wheat on composite stress has a certain ability to adapt; the reduced solar

irradiance and elevated ozone concentration are still an important issue facing national grain production.

Key Words: reduced solar irradiance; elevated ozone concentration; PSII ; photosynthetic activity; energy dissipation
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[i) 5 A BT A5 3 1 9, R AR N - TG A g
AL T 90, FR TS e 5T, T, T2 4b 3
() Fo % CK YTt O 2544, T3 () Fo 7 3 4>
HEREYE T CKH 2 5 0 3% (P<0.05) ,
I 2 3R B3 (P>0.05) , T1—T3 4 B4 1Y
Fm 78 3 MEF YA CK 25 A 8.(P>0.05) ,

R1 MRAREHABER O, REZMXZNEHFAREEFH Fo & Fm BT

Table 1 Effects of elevated ozone concentration and reduced solar irradiance on Fo and Fm of winter wheat flag leaves in different stages

T1 T2 T3

CK
Ve Fo 298.33+6.11bB
Flowering stage Fm 1697.25+133.51a
2RI Fo 324.33+7.57a
Filling stage Fm 1975.52+113.92a
I Fo 328.51+13.63a
Mature stage Fm 1616.53+60.57a

304.75+5.86bB 305.51+16.52bB 337.67+1.26aA
1810.37+144.71a 1854.25+140.54a 1751.63+73.45a
327.50+21.15a 327.67+38.21a 343.15+12.15a
1870.25+111.07a 1939.25+92.90a 1835.25+106.63a
331.75+9.64a 332.52+13.20a 348.33+54.35a
1632.25+93.83a 1822.75+49.99a 1311.57+85.65a

[EIEF BN R A B LSD AT 28 5 3 VAR 36 , AT 10 Bl [ 387 25 5 i 35 (P<0.05)
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Fig.2 Effects of Compound stress on the Fv/Fm,Yield .qP and L ppy,, of winter wheat
PR 2228 SD(n=3,4) , [AA: F MR RIALBEA] LSD wEHEAT 22 5 0 BR300 B O RN [R) 3R 22 57 3% (P<0.05) 5 CK Xt B4
T4 g P-4 K PR AR 50 B RS PR E 209 5 RAERIE 100 nL/L & & 5 TS S T3 PRER S 3R B S5 AR B 40% 5 SLAUHR I 100 nl/L B4

A VK ZR AL (gP) TR A 8 S5 08 T B %
R(E2), T4 % CK BRI T 12.7%—42.8% , {3
W MR T CK(P<0.05) HFEMER K, TS 48 CK TR
27.7%—43.2% , HEK N IR B K, 48 0] HES I 3
BEILT CK(P<0.05) , 7E44 43 T4 | T5 2H 18] 2% 5+
K EFH K- (P<0.05) . &/NETREEMET, iR
T DI RERIXT BRI (L gy ) B2 CK FEAIR (D 2) o T4
b FRZH TE B AR BB CK A BTG, (22 57
N (P>0.05) ;T5 # CK MK 2. 2%—10. 2% , %
AT I e K H#R CK 22 5 1 35 (P<0.05) , #4611
T4 \T5 Lh3[A) 25 53k 3 KF (P<0.05) o

R AWK, A A, T4 A2
Fo % CK 151 0.8%—6.8% , 7 Ab Wt g ik, TS b

P Fo # CK TH5 6.5%—23.8% , 7 AE W 14 8 K T4
FITS AbFRZ Fm EAE AL FE SR CK 4390 T
6.7% —17.7% 1 9.1%—13.2% , B4 CK T
R, DL b 3RB TS Kb BHAH A7 s ik B 5L S0 55 4 5 5%
e 2 BE K
2.3 MR KPR SIS S O, vk B 38 Jin 2 PR -7 X 4%

/NZE PS I g s AERHIL I () 52 M)

(&1 3) W0, £E K BH R 55 2 1k, & /N
R R G R K REC(NPQ) T, T1I—T3 8
CK 1, T1 A FEZH % CK THE 53.4%—116% ( JHZ
WIEE R R), 3 MAEF MY R E S T CK (P<
0.05), T2 % CK F T} 39.5%—65.4% (%1€ 134 g
oK), 45 CK BIRBRZEKF (P>0.05), O, HHa
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T, T3 % CK 341 20.8%—83.6% (4% 4% U 1 & f%
K) AR S CK 2257 8.3 (P<0.05) , #ERHE
BRI A TIST2>T3; 446 HEHR I T1 T2 | T3 2

SARE(P>0.05), AW T1 5 T3 278 #F,
T1.T2 T3 ZbHER 4 /NAZ (Y AFE R 5%

*x2 EAMEBXMENENRAELEELY Fo & Fm 9%

Table 2 Effects of Compound stress on Fo and Fm of winter wheat flag leaves in different stages

CK T4 T5
#4£ 1] Flowering period Fo 298.33+6.11bB 318.75+21.53bB 369.25+7.89aA
Fm 1697.25+133.51bA 1880.75+142.60abA 1961.50+51.76aA
X Filling stage Fo 324.33+7.57cB 349.75+11.47bB 384.51+16.34aA
Fm 1975.52+113.92a 2109.53+102.73a 2020.31+139.18a
SR Maturation stage Fo 328.53+13.63a 331.25+43.88a 349.75+28.93a
Fm 1616.56+60.57 aA 1373.54+101.553 bB 1555.25+118.22 aAB

[EIEF BN R A B LSD AT 28 5 3 VAR 36 , AT 10 B [ 387 22 5 i 3 (P<0.05)
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Fig.3 Effects of elevated ozone concentration and reduced solar irradiance on the energy dissipation of winter wheat in different stages
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(Y(NPQ) ). T1 # CK & 12.0%—31.9% (4% 4¢3
HiRERR) , AW R E S T CK (P<0.05), T2 &
CK 3 15.99%—38.2% (e W1Hh iR K) |, PR
WIS 2 T CK(P<0.05) . T3 %8 CK Jh 12.
6%—40.3% (R IAG IR e/, e B e K)o U
B CK 2257 3% (P<0.05) ,T1 T2 T3 4b 3 [A] 2=
SARBE(P>0.05), T1.T2.T3 AbF T & /NEE ()9
RERERAYEN TR S i

Bt 25 A PHAR S8 58 A EE O, W e 38 i, PS T Ak

P PERE R AR BT R Y(NO ) B CK B 8h 28 ik
(E3), Tl % CK FFE 14.8%—20.6% , i F &
K BESR I B 28T CK (P<0.05), T2 %
CK FEMK 2.8%—16.0% , ¥ 1L W FF R 5 K, B¢ CK 22
FYAEFE(P>0.05), T3 % CK i 3.9%—
22.2% , AR e K, 5 CK A% (P<0.05),
Bz ah  T1 T2 T3 AbPf[a] 22 57 1 2% ( P<0.05) H.
KECE T1<T2<T3, W (& 3) nJH1, T1 A B4+
SFIFEE (1-gP) /NP % CK T [ 27.7%—51. 4%,
AR IR e, A0 AU B KT CK (P<O.
05) ;T2 8 CK P& 23.1%—32.7% ( 4% 46 W] [ R #
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Fig.4 Effects of compound stress on the energy dissipation of winter wheat
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7.2%—14.4% (A FE IR B K ) ,3 M B B CK
AR E(P>0.05);T5 % CK T 23.3%—
26. 2% (AL WIFE IR I ), HESR I T5 45 CK 22 57 W
F(P<0.01) ,T4 TS Zb BRI 22 573 8 2% (P<
0.05), H# CK KB CK>T4>TS 248k, T4—T5 4k

FREREAS T 2L EREXT I R 45

B (& 4) vl %0, e Pt B (1-gP)/NPQ
TR, T4 % CK T I 16.4%—45.1% ( S iR
K), 5 CK Z7BARE(P>0.05) ;TS 8 CK FEAIL
47.1%—61.6% ( LAIIRENR 5 K ) , HE SR Rl I 3¢
CK Z R EE (P<0.05), T4 T5 &b T a] |4 HE 5 ]
G2 SRR AR B E KT (P>0.05) . 3 CK K3
5 CK>T4>TS ZRfk#a#, 5 Y(NO ) ZE 4k 4 Bl AR,

http ; //www.ecologica.cn



2556

34 4

5 NPQ . Y(NPQ) A8tk ¥ ki i, 524 Wit B S 411
T T4 TS RhFRZH A /N A T R

3 it

HAE AR Y A B A 0 D RE s F R 0
A R FAE AT 0 ) fa BRI 596 107 A& UNFE Y
FEAAE X 55 S A TR O, AR BBURK T 4R
PN FTAL Y A D RE AP e R e
HERGERLE ORI TR CRER 3 AT RE
] R4 TStk 2 O, b LA Uk
S, bR e LARFERU R SRR, SGRETE 3
Fhigs A% rh o e L i 28 A 2B A PR s AT IR S A
AR

Fo /Fm R PS 1T B A0 B B G RE L 43K
R ORMCH RGFHICRE S B BOR 1 = AL, JE M ia
MU T ZSER N, 0.8—0.85 Z 1], A7
Wb A AL R SRR R M A Sk 55 3 A5 4, T
T2 (%) Fv /Fm 3¢ CK I I KA 3% B 5 560080 55 %
PS T1 27 HhoCs B4 356 14 5 O B 2 30 4, BBk 4/
7 B O A7 B — e i B b 2 (AT W S e 1 5 AR K
(NPQ F1Y(NPQ) % CK &3 A x4 pS 1l
S FCs B 8 A T R ™ R Y O, il B
ERELT T3 AR A/ NEA T G PS IR0 s
B de KIE T 7= Fo/Fm, 3522/ F 4Ol
W RIGA R AFERRRE 2 — , E2 2 THRFERLS
L 25 A2 ORE e BB RN 0 [ PSTT
W RL M NPQ 3T qP F Kt ] fiE S50 Fo/Fm
B TRE S RN Fo FHE IR
—AMEKHE, Fo FHE M D1 B AR Z B 7E 5 R AT
AUAE DG, H F 3R i BEANAE 3B 4315 0 W7, K it B
FERIR Fo Thim& PSRN Pty R i 45 5%, 3 Fi il
AT, Fo (5 CK W ET M, X 25 PSR
H AR RR BE 2 A G, 81 AT T1 T2 A FEZ
Loy, B CK FEAK ;T3 48 CK S350 ;T4 TS Ab 34
B L ) B2 CK HLRFAR 2 AR SR 5 0 2 /N A DG
A VEFHRE S T R Y IE RN, B4R B B X 4 /N
A VE A B T T E PR, 2 A i Al 4L
FIEAVERR IE R B17, W s — 2 B L
PRAN T SR E XA /N FE I RN, R NPQ AR
IN—ERREE b R BT R AR A IAFE HLRE T, TR B R
BT G RE S E LE B B4 B0, B 28 et K 3 S e ik

SALFR T A A /N Bl N T RO BB B () A= A7
Sl R 5 2o R0 ' BB 4 I 38 9 P ARE AR
2 B kAL Z B ROGCRE R E S L Yield A
PS T SE BROGAL #8503, B A6 ] T1—T5 Ab 38 41 4%
CK ¥4 T K. a2 i S sl 55 2 BE 388 I, T2 1)
Yield {F 2 MK T T1 AL B, TS ZbBRAY Yield {2
KT T4, O1ha WEFINT T3 LA ARIME PSI
SN HC LT 43 B B SEBRASCR . ARHIFIE R LA /N FE
FERR SIS O e FEXG I W5 A 7[R BHE F T, Yield
Bt B K, DG RE T 22 1 1) SRE HIGR 42 4 Y, B
NPQ BRI, gP RICAL AR R ZREL, Wi 55 i 1
FEART 5 ASALBRLLN) qP {8 PS T A2 (A 547 R 27
PREBEAL QBRI T B B R IR SCOE ER 2 i, B
T1—T5 Zb PR i E e 74/ PS I B &R TR (1
—qP) T PS T 0 A0 5 P A A8 388, a2k 1t 5 |
& TI—TS 4 Y (NPQ) W THES . (1-9P)/
NPQ FACREF I FRARE, T1 T2, T4, T5 ¥ CK %
1%, T3 B IR CK A BTty , Ul B 4 S sl 55 1 3 417
il T4/ e R R TSR R — o R 4R
TRl 6 T R i o R B, XA /N 1
SYERE AT, NPQ ARGk K R B
FEAFAE Y FE BT TG RE N A RE T, BIOG LR fig
F1100 ARG IR 7R 06 2R G0 SAKE UG 3 [ I 56
BRI DL BE IE #3847, Bl A BH 4 ol 555 7
JEE P 358 RORI B SE HR BE R i, T1—T3 Ab BEAE e b4 %
KZHLNPQ % CK FHE (T3>TI>T2>CK) |, 58 58 55
40% I YCER Y BE 1A T 0d 5, (H5R T X I, & A W
AT, T4 TS 8 CK BETHE, 2 T5>T4 25
FRATIGS TR B A B, WA T1—T5 4b3ia
MG 2E VK R B E N, L R G IAFE B 58,
FEMRAZEE T &/ N Z e 1 B R R 99 I s
FE AR LA LS i 3% iy i B A KT Y(NPQ)
il A AR IR AR LA T RE BB 1 B RE BT (5 1)
He il e Ok i EE S bR, e PS T b 33t 7
AERYEE T, J& NPQ PRI B AY 40 B 43, T1—
T5 ZEBEZH Y(NPQ) .35 HG I, AR50 e B4 5 0 55
R M R in K e 4l PS I Ak B3k G AE AU BE S
B3 R Y(NO) Fas A PS T e 56
P 5 L B A AN i I =X RE Bk 1) 3 DB R BT o5
(1 EL) e E BB bR, L TRk
SR AR R TR T AL (InBGFER) ©A 2 LURE

http ; //www.ecologica.cn



10 4

IMIE A5 VR EE Oy BORBHAR S 0 & /&2 PS TG 1 M KOG REFEHLAY 2 e

2557

W 3 6 RE 52 AR R, I A ] RE
2% BN 7 , SR SE IRk 32 2B, T T2 &b
HZH Y(NO ) Bt B B, 45 5 s 55 Xt 46 /N 22 I 391
S A EM VR, LR % 5 S ok 55 P B8 B 18 o
I T, Y (NO) F 2 h T 3 B s vp 4¢
AN PAKE BILBE F A5 B84 56 B0 T 4 /N3 b B
FDEREMBE ) LT Irsgm iy, A VE 6 T4 TS
% IR T & /NE DG R G RE R IE % BEAT &
KINERNERERKRE ™,

4 #Hit

(1) A8 PR 3 355 0t 26 S ARV BE 3 I &
AT A /N I WSO AY DG BE B 22 A 1] 9 4 1 A
FERLEAZ I

(2) FEE SIS, AW —E g L
REflT &/ N B FLFR 1 IE H s A7 e AP AL L
U W AR K

(3) BRI =y iy DX AR 28 /N A2 X 1l 38 K BH s
Ik 353 1 53 SR 2 8 TN R AT AR 5ok P A, 3 3R O, ¥k
JEE T e A0 553 e AR 2 AR £ A 7 5 R R i
I 8 — KB

References :

[ 1] ZhaoD, Luo Y, Gao G, Zhu C H, Shen Y B. Long-term changes
and essential climatic characteristics of Sunshine Duration over
China during 1961—2007. Resources Science, 2010, 32(4):
701-711.

[2] XiaXG, LiZQ, Holben B, Wang P C, Eck T, Chen H B,
Cribb M, Zhao Y X. Aerosol optical properties and radiative
effects in the Yangtze Delta Region of China. Journal of
Geophysical Research, 2007, 122(12) ; 1-16.

[ 3] UNEP. Assessment Report, Center for Clouds, Chemistry and
Climate (C4). San Diego: University of California, 2002.

[ 4] Yin Q, Zhang H, He J H. Long-term change of surface total solar
radiation and influencing factors over East China in recent 48
years. Journal of Atmospheric and Environmental Optics, 2011, 6
(1): 37-46.

[ 5] Krupa S, McGrath M T, Andersen C P, Booker F L, Burkey K
0, Chappelka A H, Chevone B I, Pell E J, Zilinskas B A.
Ambient ozone and plant health. Plant Disease, 2001, 85(1):
4-12.

[ 6] Stockwell W R, Kramm G, Scheel H E, Mohnen V A, Seiler W.
Ozone formation, destruction and exposure in Europe and the
United States. Ecological Studies, 1997, 127 1-38.

[ 7] Fiscus E L, Booker F L, Burkey K O, Usda A. Crop responses to

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ozone:; uptake, modes of action, carbon assimilation and
partitioning. Plant, Cell and Environment, 2005, 28 ( 8):
997-1011.

Meehl G A, Stocker T F, Collins W D, Friedlingstein P, Gaye A
T, Gregory ] M, Kitoh A. Global Climate Projections. Cambridge ;
Cambridge University Press, 2007 747-845.

WenYuan Tang, ChunSheng Zhao, FuHai Geng, Li Peng,
GuangQiang Zhou, Wei Gao, JianMing Xu and XueXi Tie. Study
of ozone “weekend effect” in Shanghai. Science in China Series
D: Earth Sciences.2008,9(51) :1350-1364.

Luo C, Zhou X J, Lam K S, Wang T, Chameides W L, John J C
S. A nonurban ozone air pollution episode over eastern China:
observations and model simulations. Journal of Geophysical
Research, 2000, 105(D2) . 1889-1908.

Liu J D, Zhou X J, Yu Q, Yan P, Guo J P, Ding G A.
Simulation of the impact of ozone on rice canopy photosynthesis.
Acta Scientiae Circumstantiae, 2003, 23(3) . 289-294.

LiuY Q, Sun X Y, Wang Y, Liu Y. Effects of shades on the
photosynthetic ~ characteristics and chlorophy 1T fluorescence
parametes of urtica dioica. Acta Ecologica Snica, 2007, 27(8) :
3458-3464.

Zhou X H, Wang G X, Feng B B. Influence of the growth and
photosynthetic characteristics of potamogeton cripus in light.
Ecology and Environment, 2008, 17(4) : 1342-1347.

Mou H R, Jiang D, Dai T B, Jing Q, Cao W X. Effect of Shading
on photosynthesis and chlorophyll fluorescence charactristics in
wheat flag leaves. Scientia Agricultura Sinica, 2008, 41 (2).
599-606.

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.

Kivimdenpid M, Selldén G, Sutinen S. Ozone-induced changes in
the chloroplast structure of conifer needles, and their use in ozone
diagnostics. Environmental Pollution, 2005, 137(3) . 466-475.
Calatayud A, Iglesias D J, Talon M, Barreno E. Effects of 2-
month ozone exposure in spinach leaves on photosynthesis,
antioxidant systems and lipid peroxidation. Plant Physiology and
Biochemistry, 2006, 41(9) . 839-845.

Liang J, Zhu J G, Zeng Q, Xie Z B, Liu G, TangH Y, Cao J L,
Zhu C W. Effects of O;-Face (ozone-free air control enrichment)
on gas exchange and chlorophyll F luorescence of rice leaf. Journal
of Agro-Environment Science, 2010, 29(4) . 613-618.

Wang C Y, Bai Y M. The ozone and aerosols concentration effects
on crops research. Beijing: China Meteorological Press, 2007.
Xu D Q. Efficiency of Photosynthesis. Shanghai: Shanghai Science
and Technology Press, 2002;: 157-261.

Schreiber  U. lementary PS I

Klughammer C, Comp

quantumyields calculated from simple fluorescence parameters

http ; //www.ecologica.cn



2558 £ OB ¥ I 34 %
measured by PAM fluorometry and the Saturation Pulse method. (1] XUdAR, 55, Tk, By, S, THZ. EHERR
PAMApp Lication Notes, 2008, 1(3): 27-35. BEAXK ARG AR R M B E AL, IRl 22244, 2003,

[22] Yang X H, Zou Q, Zhao S J. Photosynthetic characteristics and 23(3) : 289-294.
chlorophyll fluorescence in leaves of cotton plants grown in full [12]  XUBERK, PMEIBH, T8, R, BEREXT SSRGS Rt oe
light and 40% sunlight. Chinese Journal of Plant Ecology, 2005, FESHRIFE. A2, 2007, 27(8) « 3458-3464.

29(1): 8-15. [13] JAmLr, EEFE, GukuK. SERUE . (Potamogeton cripus)

[23] Zhou YT, MaH Q, Liang L J, Hong H, Hu L T, Sun M, Wu C HER R ERE G TOURE N . A5 5E, 2008, 17
B. Photosynthetic characteristics and chlorophyll fluorescence in (4): 1342-1347.
leaves of catharanthus grown under different light intensities. [14] %, TR, HUED, 7, &I, EXNEZENOCE
Scientia Agricultura Sinica, 2008, 41(11) ; 3589-3595. R R A . o E Ol B, 2008, 41(2)

[24] Jia SF, Dong ST, Wang K J, Zhang J W, Liu P. Effects of weak 599-606.
light stress on grain yield and photosynthetic traits of maize. [15] A&, BB, RRE, R, XE2E. REA X4 /N E
Chinese Journal of Applied Ecology, 2007, 18(11) ; 2456-2461. MR S SRS g . SRR, 2010, 31(2) .

[25] GaoS'S, Zhu Y S, Feng H. Effects of continuous shading on 472-479.
growth and development and fluorescent index of chlorophyll for (18] T, REEHE, 157, UM, XIHW, HRG, HRE%, K&
seedling stage of Tomato. Liaoning Agricultural Sciences, 2005, . IS R A B T e X K A I oGS AR HAZ AL 32 .
(3): 31-32. LNV IRERL A 24] , 2010, 29(4) ; 613-618.

[26] Zheng Q W, Wang X K, Feng Z Z, Song W B, Feng Z W. Ozone (191 EHFZ, HHWL SIS B8 10X A 1R i) 5% ) A
effects on chlorophyll content and lipid peroxidation in the in Situ 8. bt "G A, 2007.
leaves of winter wheat, Acta Botanica Boreali-Occidentalia Sinica, [20] ¥FRE BAEMEMECE. L. LR 4H R R, 2002,
2005, 25(11) ; 2240-2244. 157-261.

[27] Cailly A L, Rizza F, Genty B, Harbinson J. Fate of excitation at [22] #p24ik, AR5, R, YA AE T A K AR AL A AR A
PSIl in leaves. The non-Photochemical side. Plant Physiology and 2R R PECARFE. MY A A2%4]k, 2005, 29(1) : 8-15
Biochemistry, 1996, (special issue) ; 86. (23] JAMes:, Berp, Runly, W0, SIwiE, v, REER. A

[FEIR SR N R AL DA IR 0. B2 HE,

SE 0k

2008, 41(11) ; 3589-3595.

(1] B, BH, @ik, 9B, #HEH. 1961 4% 2007 4 [FH [24] B35, EMS, T, SkFHAE, XIS, T80 8 X+ oK™
H R TEAE S G B SRR AR, WERHRL £, 2010, 32(4) . RO A e R B . RFH AR A SR, 2007, 18 (11)
701-711. 2456-2461.

[ 4] F435, skde, (4. 3T 48 44223 Hhu IX i 1 A PFBL 4% 59 25 1k [25] 4R, RIELk, WE. SO A AR R -
FEEFISZ0 K F 43 . RS HEDEE 4R, 2011, 6(1): FUIHRPRE R AIESE. TR RN, 2005, (3): 31-32.
37-46. [26] XAk, TR, WIkas, KIOH, Wk, SEX RN &0

[9] JFFEE. KIL=MAMWKZERIESESRIEAAEAEHHE. It FENEMROGEEER R A . P R,

. RGHRAE, 2004.

2005, 25(11) : 2240-2244.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.34,No.10 May,2014( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Landscape sustainability and landscape sustainability science «+«-«+sreeereemeeeeneniniiiii.. ZHAO Wenwu, FANG Xuening (2453)
A diagnostic framework of payments for ecosystem services and associated case studies — «oreeeerersreiaiii

.......................................................................................... ZHU Wenbo, WANG Yang, LI Shuangcheng (2460)

Progress in research of iron plaque on root surface of wetland Plants «-««-+««--sseesseersmeemtrtriiit i

.............................................................................. LIU Chunying, CHEN Chunli, GONG Xiaofeng, et al (2470)
Ecological effects of predator chemical cues in aquatic ecosystem — ------ QIN Guangqiu, LU Haoliang, TANG Zhenzhu, et al (2481)
Secondary substances and their ecological effects on seed dispersal in vertebrate-dispersed fleshy fruit plants ««-eeeeeeeeeeeeeeeiiiinnn.

................................................................................................... PAN Yang, LUO Fang, LU Changhu (2490)
Autecology & Fundamentals
Responses of CH, uptake rates to simulated N deposition in a nature forest in mid-subtropical China «+«+eseeeereeerieerninaiiia.,

.................................................................................... CHEN Chaoqi, YANG Zhijie, LIU Xiaofei, et al (2498)
Ecological characteristics of Phragmites australis and their relationship to water-salt indicators in dry habitats of the southern

marginal zones of the Tarim Basin, China «««coceeeeeeeeeceieinennns GONG Lu, ZHU Meiling, TASHPOLAT - Tiyip, et al (2509)
Threshold effect of soil moisture on photosynthetic and physiological parameters in Rosa xanthina L. and its photosynthetic

productivity classification = +eeeseeeesieiei ZHANG Shuyong, XIANG Jiangbao, ZHANG Guangcan, et al (2519)

Contrasting responses of soil respiration to litter manipulation in subtropical Mytilaria laosensis and Cunninghamia lanceolata

PlAIAONS «++vervreresesrimmniiiiii YU Zaipeng, WAN Xiaohua, HU Zhenhong, et al (2529)
Potassium application for increased jasmonic acid content and defense enzyme activities of wheat leaves infested by aphids = «--+-------
....................................................................................... WANG Yi, ZHANG Yueling, SU Janwei, et al (2539)

Combined effects of elevated O, concentration and reduced solar irradiance on photosynthetic activity and energy dissipation
OF WINLET WHEAL  +e+vveneernenaneneeininteettiia ettt ea ettt eneaeaneaeaeneaees SUN Jian, ZHENG Youfei, et al (2548)
Colonization dynamics of Bacillus cereus B3-7 on wheat roots and control efficiency against sharp eyespot of wheat — -=+oeeeeeeeeeeeennes
................................................................................. HUANG Qiubin, ZHANG Ying, LIU Fengying, et al (2559)
Quantitative study of water consumption characteristics of winter wheat under deficit IrTigation «««««+ esrererreeeerrimniniin,
........................................................................... ZHANG Xingjuan, XUE Xuzhang, GUO Wenzhong, et al (2567)
Assessment on the ecological fitness of anti-fungal transgenic rice ««+-rcoeeeeeeeeeeees LI Wei,GUO Jianfu, YUAN Hongxu,et al (2581)

A proteomic analysis of Arachis hypogaea leaf in responses to enhanced ultraviolet-B radiation «+««-ssseerererreeeiiiiiinii...

................................................................................. DU Zhaokui, LI Junmin, ZHONG Zhangcheng, et al (2589)
Composition of fatty acids from suspended particulate matter in southern South China Sea — <+-ereeeerereriemmeiiiii
.................................................................................... LIU Huaxue, KE Changliang, LI Chunhou, et al (2599)

The influence of age, flock size, habitat, and weather on the time budget and the daily rhythm of wintering Siberian Cranes
in Poyang Lake ««cc++eeeeessrmmmmeruriiiniiniiii YUAN Fangkai, LI Yankuo, LI Fengshan, et al (2608)
The energy budget and water metabolism heat regulation of tree sparrows Passer montanus of toba compensatory regeneration  «+-------
................................................................................. YANG Zhihong, WU Qingming, YANG Miao, et al (2617)
The effect of low-dose of pesticide on predation of spider and its preliminary mechanisms = ------ LI Rui, LI Na, LIU Jia,et al (2629)

Response of the alligator weed flea beetle, Agasicles hygrophila ( Coleoptera; Chrysomelidae) to overwintering protection and
its controlling effect on alligator weed Alternanthera philoxeroides ( Amaranthacese; Alternanthera) —«eeeeeeeeeeeeeeeeeiiniin.,

................................................................................................ LIU Yufang, WANG Xiuxiu, LI Fei,et al (2638)



2800 A % R 344

Population, Community and Ecosystem
The effect of climate change on the population fluctuation of the Siberian crane in Poyang Lake «-eeeeeeeereereeieiiiiiniii...
....................................................................................... LI Yankuo, QIAN Fawen, SHAN Jihong, et al (2645)
Characteristics of soil phosphorus fractions in wetlands with various restoration age in caizi lake, Anhui Province «---eeeeeeeeeeeeeeennes
.............................................................................. LIU Wenjing, ZHANG Pingjiu, DONG Guozheng, et al (2654)
Multivariate analysis of the relations between phytoplankton assemblages and environmental factors in Chagan Lake Wetland ++-+-+-----
.......................................................................................... LI Ranran, ZHANG Guangxin, ZHANG Lei (2663)
Diversity of methanogen communities in tidal freshwater and brackish marsh soil in the Min River estuary -:--e-eeeeeeeeeeeeneiiiinn.
................................................................................. ZENG Zhihua, YANG Minhe, SHE Chenxing, et al (2674)
The influence of environment and phylogenic background on variation in leaf and fine root traits in the Yanhe River catchment,
Shaanxi, CRIna -«+++rssssrrerrerserserseereenteeteeteetirirerrie. ZHENG Ying, WEN Zhongming, SONG Guang, et al (2682)
Changes of soil properties in re-vegetation stages on sloping-land with purple soils in hengyang of Hunan Province, South-central
CRENA  +eveveveereerenennenenntenententetnenaenettenereaeneseeneanaenes YANG Ning,ZOU Dongsheng, YANG Manyuan, et al (2693)
Vulnerability assessment on the mangrove ecosystems in qinzhou bay under sea level rise — +reoeerereereiieaniininii
.................................................................................... LI Shasha, MENG Xianwei, GE Zhenming, et al (2702)
Dynamics of biomass and productivity of three major plantation types in southern China = +e-eseeerereerereeeiiiiie,
.......................................................................................... DU Hu, ZENG Fuping, WANG Kelin, et al (2712)
Fungal diversity in Cunninghamia lanceolata plantation soil «---eeeeveeees HE Yuanhao, ZHOU Guoying, WANG Shenjie, et al (2725)
Response of sandy vegetation characteristics to precipitation change in Horgin Sandy Land «-e-eeeerereeemeeenmiiii,
................................................................................. ZHANG Lamei, LIU Xinping, ZHAO Xueyong, et al (2737)
Characteristics of carbon storage and sequestration of Robinia pseudoacacia forest land converted by farmland in the Hilly Loess
Plateau Region «««e++esssrerrsemiummmeiiiiiiii it SHEN Jiapeng, ZHANG Wenhui (2746)
Landscape, Regional and Global Ecology
Forest microclimate change along with the succession and response to climate change in south subtropical region = «+e-eeeeeeeeeeeeeennes
.................................................................................... LIU Xiaodong, ZHOU Guoyi, CHEN Xiuzhi, et al (2755)
Drought variations of winter wheat in different growth stages and effects of climate trend in Huang-Huai-Hai Plain, China = -------e-ee-
...................................................................................................... XU Jianwen,JU Hui,LIU Qin,et al (2765)
Resource and Industrial Ecology
A method of environment assessment of mineral resources planning for shanxi provinces base on GIS -«-seereeerrerieinii...
...................................................................................................... LIU Wei, DU Peijun, LI Yongfeng (2775)
A new approach to assess the water footprint of hydropower: a case study of the Miyun reservoir in China ««e+oteeeerereeeeeeiiiieia.e.

................................................................................................ ZHAO Dandan, LIU Junguo,ZHAO Xu (2787)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
A AR T QIR T 1981 47 il AR A8 2= U T B e S AR QBT HERF LR . 5 BB IIR, ﬁ%

SenS” {5 B R ZE T RASFBIF TR, IR R LS A AL, A A2 St B Eﬁm&@wﬁ”
PR A A SRR AR | 3R 35 55 A 2R B A A RV BT IR 55 o R R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
IR S B AR 2522 R R T ) YL 5 SR M SR s WSS T 4 5 AR A8 B v DR R4 B vE e F
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

[ A5 LI SR T P I, ] B A A B R S WG KRB AR BT A | AR B AL L TS

TREETT I
Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362
E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AHERFERIESR TN REMERE flaty HITHE XIKE B ¥
5 5 F ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) Semi v S d in 1981
CEAT 1981 4 3 A EIF)) ('Semimonthly , Started in )
348 10 (20144E5 1) Vol. 34 No. 10 (May, 2014)
b= L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of
Motk - 0O E XU B 18 55 ACTA ECOLOGICA SINICA
HIE B2 : 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
M : (010) 62941099 Tel: (010) 62941099
www.ecologica.cn .
. www.ecologica.cn
shengtaixuebao@ rcees.ac.cn henetaixuchao@ reees.ac.cn
L g .ac.c
= gj Lt Editor-in-chief WANG Rusong
F B PEPEEADE
* I hEAEASSESL Supervised by China Association for Science and Technology
P 23,0 Sponsored by Ecological Society of China
T ERE AR L
Hidil b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 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,
HE B s . 100717 Beijing 100717, China
Iy Printed by Beijing Bei Lin Printing House,
Ep R Ab s AEARER R
% T 44 4 & ) Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m 3=
Hﬂﬁﬁ(éﬁﬁ% 100717 Add ;16 Donghuangchenggen North g
Eﬂlﬁ ':1( 010) 6;*(;)34563 t Street, Beijing 100717, China It T
-mail ; journal @ cspg.ne Tel: (010) 64034563 —_—
N e = :1: o "M
j2) N % ﬁ[ﬂ%i‘@ﬂﬂgﬁs BN E-mail ; journal @ cspg.net o _g
ESRIT EERRE RS AT . e - =
Mok AL ET 399 {24 Dom'estlc All' Local Post.Oﬁlces in Chl]’lfi > —
MBS AL . 100044 Foreign China International Book Trading 3 E
IEgE . . Corporation - :‘:
oA iE " TR 5744 8013 5 Add:P.0.Box 399 Beijing 100044, China =
ISSN 1000-0933 .= - = o . —
RSN FFEAT MERA S 82-7 B EITRS M670 E M 90. 00 T

CN 11-20317Q



	封面.pdf
	fm.pdf
	中文目录.pdf

	stxb201111061682.pdf
	封底.pdf
	英文目录.pdf
	封底.pdf




