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Response of photosynthesis and chlorophyll fluorescence characteristics of

Pterocarya stenoptera seedlings to submergence and drought alternation
WANG Zhenxia, WEI Hong" , LU Qian, LI Changxiao,ZHOU Jun,GAO Wei, CHEN Wei

Key Laboratory of Eco-environment in the Three Gorges Reservoir Region of the Ministry of Education, Chongqing Key Laboratory of Plant Ecology and
Resources Research in the Three Gorges Reservoir Region, College of Life Sciences, Southwest University ,Chongqging 400715 , China

Abstract: The Three Gorges Dam has created a new riparian zone which is called 30m-water-level fluctuating zone of the
Three Gorges Reservoir of the Yangtze River. Altered ecosystems of the riparian zone can disrupt the hydrological regime by
reducing inundation, or creating longer term submergence, which adversely affects riparian vegetation, and in particular,
the native plant species. Chinese wingnut ( Pterocarya stenoptera) is a dominant native riparian tree species in the Three
Gorges Reservoir region, and thus has to face the modified riparian environment. In order to shed light on the impacts of
soil water regimes in this region on the Chinese wingnut, 4 water treatments were imposed on 1-year-old seedlings of
Chinese wingnut for more than 2 months. The water treatments included normal water supply (CK) , normal water supply-
licht drought-normal water supply (DR), flooding ( FL) and flooding-light drought-normal water supply (D), which

simulated the modified hydrological regime in the riparian zone of the Three Gorges Reservoir region. The treatment of 3

BEEWE : B R A MR L35 (201004039 ) 5 B K EH B B2 1 = IRHIE 314" (B #2010 11561 5 ) 5 e A B AR
i 55 9% LI %E 4 5 435 H (XDJK2009B032 )

Y B HA:2012-04-24 ; &iT H#3:2012-10-23

# W IHAEH Corresponding author. E-mail ; weihong@ swu. edu. cn

http ://www. ecologica. cn



34 FARE SF AL LK - SR ARG KSR O R 889

stages for DR and FD groups lasted 33, 30 and 15 days respectively. The effects of water treatments on photosynthetic
parameters, photosynthetic pigment contents and chlorophyll fluorescence characteristics of Chinese wingnut seedlings were
investigated after 0, 33, 63 and 78 days of water treatment. The results showed that net photosynthetic rate ( Pn) , stomatal
conductance ( Gs) , transpiration rate ( Tr) , photosynthetic pigment contents ( chlorophyll a, chlorophyll b and carotenoid)
and water use efficiency (WUE) of Chinese wingnut seedlings were reduced significantly in DR, FL and FD treatments as
compared to CK. However, the chlorophyll fluorescence features of Chinese Wingnut seedlings in these three treatments
were slightly reduced comparable to that of CK. Compared to other three treatments, seedlings in FL group were adversely
influenced dramatically. At the end of the treatment, the Pn of Chinese wingnut seedlings under FL treatment was reduced
by 65.9% ,WUE was reduced by 65.7% , and total chlorophyll content was reduced by 68.7% comparing with that of CK.
In contrast to CK group, Pn, Tr, Gs and total chlorophyll in FD groups were also decreased significantly in the beginning of
the treatment due to flooding and drought, but they were increased significantly after rehydration. The seedlings in DR
groups showed similar but lower variation as to those of FD. The results suggested that the seedlings of Chinese wingnut
were sensitive to soil water stress including flooding and drought, although they showed obvious tolerant ability to water
stress in terms of the characteristics of morphology, photosynthesis, water use efficiency and chlorophyll fluorescence.
Additionally, all of them showed excellent recovery ability after stress being released. Therefore, Chinese wingnut might be
suitable to the modified hydrological regime caused by the Three Gorges Dam, and thus could be applied to vegetation
reconstruction in the water-level fluctuating zone of the Three Gorges Reservoir for its adaption to drought, flooding and

“flooding-drought” alternative variation.

Key Words: Three Gorges Reservoir Region; soil moisture alternation; Pterocarya stenoptera seedlings; photosynthesis ;

photosynthetic pigments ; chlorophyll fluorescence
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Table 1 The ways of soil water treatments

QbR A5 Water treatments

Treatment groups 0—33d 34—63d 64—78d
X HEZL Control group CK IE K IEH K IE# itk
52541 Mild drought group DR EH Atk IR T R =K
KL Flooded group FL IR IR IK
“IB-T7 4 Wet-dry alternating group FD Ik s [y =k

1.3 et SLorik
1.3.1 SLESEME

FHEEIRA 9:00—11 .00, FEHHEAR N 2N 3 888 4 R fRERnE 5 b A7 — e B2 B A Pl 61 52, (o LI-
6400 fHE#E XA 4T (Licor, USA. ,2 emX3 em ZL#5YGTRMZ) M 2 5 G A 3R (Pn) |, ZZBE#R (Tr) , R AL
S (Gs) M) CO, HREE (Ci) F ARS8, IF 8 T H A BK 43 F 0K (WUE) RS FLBR HIME (Ls)
WUE=Pn/Tr'"" Ls = 1-Ci /Ca""* (Ci Jpffale] CO, WP, Ca KA CO, WEE) , WNE T, Je FIRAHEXHE Y
AT 60 min MYEFET ., MERS, = IRBER R 25 °C = HDEA A SRS (PAR) 24 1000 wmol -m™s™" , CO, ¥
J£4 400 pmol/mol , FAXFIRE 60% —70% |
1.3.2 R ERSTENINE

Ve T 6 A R A A FRE IO s, SRR AR L TS B UV-2550 RIA06 BE 143 51 5 -4
K a MEEE b RIS N RIWOIEIE Ay Ags FT Ay, IFTEH A& B S & i, B R
=R a TETSRE D 8, B FEANE S RER .,
1.3.3 WMHRISCSERINE

M2 R IOCSEII E 556 A S80I & 7 R 617, F 0.00—4.00 ff H Li- 6400 45 X6 & 40 B¢
S ZE I E 2R R DOESE, W SR SRS R 3 b, SRS FT ARSI (PFD<0. 1 mol - m™ 57" Bl RN
600 Hz) M5E Fo , BT HF— AR AIK MG (PFD 24 8000 pmol-m >s™", #i# 20 KHz,0.8 s, 1 k), IE Fm
K Fo/Fm, BKMOCEEHRETT GG (PFD 24 336 wmol »m ™ s™) | 255 YA TR & Il 5E Fs, 2 J5 AT I —
YA ARSI E Fm', S SEALSEREIE N 3, 4k LA—UGELL G (PFD 25°4 5 mol-m™s™,3 ) ME Fo', Jik
HERFZEL(qP) | ALK REL(gN) (PSSR i T 77 i ( Yield ) R FA& 38 3 % (ETR ) ¥ T 514 5K
P& . gP=(Fm'=Ft)/(Fm'-Fo) ,qN=1-(Fm'-Fo')/( Fm—Fo) ,Yield=( Fm' - Fs)/Fm' ETR=YieldxPFDx
0.5%0.84(PFD=336 wmol-m s )"

http ; //www. ecologica. cn



34 FARE SF AL LK - SR ARG KSR O R 891

1.4 Hdlaabs
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FL .FD FZH40 1T Pn RIS IR 35 T R% T 38. 6% (P<0.05) 5 256 119] (34—63 d) , DR FL.FD3 Ak 34
TG R) Pn E—25 AR, 506 BEAH EL 2 TR T 40. 2% 60. 3% 1 76. 9% 5 i SE 56 5 WK & 1 # Ak 5 , DR Al
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Fig.1 Photosynthetic parameters of P. stenoptera seedlings in different water treatments
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2.1.2  FRGP AR FEX A 4 AL B R 2 M 3 1) 5 e

ANFEIK AL BRI HAA DI 1 Gs R Tr fsE AR R/, H 4 ASSCRE 1 Gs R AL a3 5 Tr ()48 fb i 34
FEAR—F (K 1), SELEORTY],3 MMEHE A A S X IR A 5 S TR FD 41 Gs Al Tr Y02 4 25
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TAHRAL(P<0.05) , G5, M- S B MA 6 B 40 OB 0B T B — 0 S K W M, T X
) K S G AR B s 1 T BOMEARG S /KJ DR J% FID 2L F . 352 T 6 T R DR W L4
BLAL” (OFE.
2.1.3 KSME S BUHLNE I CO, R A LR (A0 0

3 LA AT I Ci ORI Ls DOWRAG P00 Al RS (T 1), ST, FL A FD 934
) Ci 5350 TN, Ls WG T I S p )3 MRS Ci 405035 0 T X B s 0 33506 X
SR IEIN, DR 412858 5k S AHIE T 25 2 5 FL L FD PRAL{S 5304 52522 5 FL 5200 01 6] FL 4110
Ci TR 4 AL T TIHE Ls A 4 ANSEI AL 00 B /ML, IS5 SR AT LA 0 0K o 4 0 1
9 Ci B Ls BB TH00 T2 AR e ER B Hh B
2.2 KGMAREAERA L K R AR R ok mor MR g

& 2 AT, AL TR B WUE 5 %5 FRAH F A H BE e j: 7 :}
TREMN T, SSRETN,FL R FD WAL WUE T £ 5 | b b
T33.6% (P<0.05); SR h M FUR 1,3 A absa B2 5 B | ke
WUE #5800 B L 20 WUE fe3csesioke B2 3] % 3,
AL X 9 34, 3% . FT T A0, B 7K AT B 4 A %a 2|
i WUE (01K, FRSok % WUE Sk, 2 N NS

2.3 KON B LA R B R A R W] Time/d

FD 41 FL 41 Rt R s A8 S Z 5 a )
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éi%%é‘%ﬁ%{ﬁ?xﬂﬁ 47% ,%‘Sﬁﬂ? I\%%/a\iﬂf&?jﬁ Fig. 2 WUE of P. stenoptera seedlings in different
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6.77% 10.5% F18.02% , it KIWIE M 0. 749, DR FI FD FLHAE S8 iP5 5 0 B IA A 22 5 %5
FX R E PR (B 4) .
2.4.2  JKATAEFEXIIG ) AR R SRR A i AR AR EE Ak 2 VAR ) 5

KA ETR 1 Yield B L@ EAAM R, SCHFTI, FL F1 FD PRZHRY ETR 1 Yield 135 T F%, 430 Ho Xt
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SEECETH FL AL FD 201K gP A HX IR B3 FRE T 6.56% (P<0.05) ; 525w 51, FL 4110 oP (HKE )

water treatments

http ; //www. ecologica. cn



3 1

EIRE S AR LK R

Y
A

Y

RS REY TS T DL LIVA

893

o1 a ab
= A
& T b
Ig =0 \
&I ob o
% < -
< 3
i b=l o
5 N
RS e
S 3
p2) o
= A%
o 3
X i
78
i) 2
3.0 ¢
Q
ﬁ‘oﬂ g 2a . a b b b
%; 25r aaaa aa ars
= .
== 201} o \ \
=9 3 : :
i 5 15+t ) \ =
{FE ‘g = o o
L % 3 i
& S 1.0 - ) o
T}Aﬁ% = 05+ - o "
£0 O A \ \
= = 3 i
0 k. i 1
0 33 63 78
f5f ] Time/d
Fig.3
1.0
PSRV
Iz, . o o i )
M 07 o = = oo
\ \ . oo
;:.% 06 R R . RE%
L % \ . oo
%—J 0.5 0 0 o it
R 041 = = = oo
i 3 . oo
jllé 0.3 o o = RRN
02 F i 3 . oo
E) 01 o o o o
dr i 3 . oo
A~ 0 o L o L o L o
0 33 63 78
071 a aa a a
aa A ab aa a
E 06 rET == b b 5 bdb a
> \ = o
. | = = o o
ﬂ? 05 o o [ [
i \ o o
M- 0.4 = = o o
i) 03 L o o [ [
i - i i o o
A; i i o o
= 02+ . = = o
R i i o o
% 01f % % = s
B 0 i i o o
0 33 63 78
=z
=
pou|
g
=
B
e
E

[(Jck &9 DR | FL

1.2

1.0

KB MR

Car content/(mg/ gff )

B RRER/ I N EAR

Chls content/Car content

(=]

— N W kA L N 9

k] FD

o

A A A A A A A
A A A A A A A

e
i)
o

S
S
S
S
S
S
S
S
S
S
S

33
Ff 1] Time/d

.
.
.
.
.
.
.
.
.

3 AEASREBTHREHHHENRGEBRSETN

The contents of photosynthetic pigment of P. stenoptera seedlings subjected to different water treatments

5[] Time/d

BRI A ETR

SRR A P

60
50 |
40t
30}
20t

()
()

a a

o

o

<
o
o

)

A A A A A A A A A A A e

a
rE

o

a
£

o
o

AR A A R Rl
A A A A A A A A A A A R

B A A A A A AR AR AR A A

(=]
(9%}
[
[N}
@
~
3

0
0
®
o
o
o
[
o
o0
E=)
0
0
i)
&
=

R Rl R Rl Rl Y B

B A A A A A A A

B A A A A A A
A A A A A A A

(=]
9%}
[
N
v}
~
3

[]cK
k4 DR
B
k) FD

B4 FREKSGETNZGL BRI ETR, Yield qP 70 gN T4
Fig.4 ETR, Yield, qP and gN of P. stenoptera seedlings subjected to different water treatments

http ; //www. ecologica. cn



894 A E = 334

Xf BRI AERFTERR E /KT FD AHAE SE IR 28 A i 25 5 T X B DR A1 oP (HAR S50 B IR W 2 25 5 52
USHTH], FL 209 N [EAH LEXTRE TS T 7. 48% s SEE T 1], FL 4104 gN A Fr TR, FD 4100 g (B LEXT FRmE T
T SEES ) FL AR 520 R ) 5 0 R A T 25 5 FD 410 oV {25 T4 IR (P<0.05) . 5 ¢P MIF],
DR 41 gV [EIRASXT I B E 255 (K 4) .
3 e 5Eit
3.1 ARFEDK AL EEAE T B E 6 e

IS AR I, 1K RO 25 5 W 5 A 4 1 66 3R RS S BN ZE I s R A AR S
B, KWL FL Aot &3R5 2 N R, Ja T BRI B A st/ N IF R e e IR 45 & il v A 4 i bk 36
BUARR 02 WS R M K VLA T 52 1k (R B2 MR ( Quercus variabilis ) 27K T 155 5 3 8 cm [1W7K # 4b 2 50
d J5 ARG R X R 9% 2 M4 1EKHE 63 d SR Hg e G Ry it BR 1 39. 7% , 3L
XK FE A BT 32 77, FD 4181 DR L0 GA SRR SERIE T B, K587 AR R AR g G iR
REAESEAK ST 2 0] IR e B0t B0 WK &2 A= A 8 T, (] Bt 158 B R R 7 S8 /K )5 T 5 1 SR 8 v A% 40
WA A K W R KIE R IE® A KA Y BRI BE = . M DR 1 FD BZH4h i <AL 5B AR Pk e 34 mT LA
B A E 2 30 a0 B AR AL S B LA 7K 2 B O RS 40 5 B s B R e a0 A7 PR
J& VO3 A S AL NG SR K 43 2 1 R R R O ST, S ot A 3R

5 LEMYDE AR T RER R R FE LB H 55 RuBP SRACFR S AR i o 3 SR R DR 5 | &
4 A BB 2 K R R A 25 AR S FLBR AR P 22 %) Farquhar F1 Sharkey tA %, B I B4R CO, #RBE ( Ci) FIAFLIR
A (Ls ) FIAEFRFIWHE A 3% T B R RS AL s IERALBR IR R 7, ARSLE v FL 401 Pn TR,
Ci Frim, Ls NRE, AT LIACH HOG A 33 R By g R 32 AR SALBR I, BERT7K W e vl fe 5 AR 114K 4 RuBP
RACERCR IR T BOCA W B 45 5 TR Z BIREIR Y| B B mA Y e A /ER AT, (R 2 DR 414
JEAHR AT Bt 3 B2 i R 40 R R A e ) BRI AR AR AL A R BRI R RS, 1 FD 40 A FEE & H
TR FEMECG R TR EOCE BN TR, R DI 1 Bal i /K o T 52 R 20& @ <AL
R 1] P51 22 R 5 M A% B v Y5 SR 23R T 28 1 7K - 7 5 R 2 it D 2 PR g =L R T S B 6 5 R Y
FEEAR, Hh B DS 0 N ZERIL T H ATE NI 2
3.2 R[EDKATALIEAE T BAGZ 7K o3 ) PR ) e [

) WUE J&—A 5 0 R A B [ 22 5K 0TS 48 LU B Y R A F8 AR MR 25 SR T UE 1,3 Rk
G R AZ 7K 3 ) FH AR 05 i 3K, A IR A A5 AU &0y 1 7 A B 2 R it Sl 3 A R 1 2 TR Y 7K
15BN R Z B, WUE Az 8] 5w X 5 B PE DY RS — 2, K S TR XA 4
IR R RCEA — & AR, WUE 88 = T A T 20 T iR A BE s 21 7 BURIVER .
3.3 AR A TG A FR & i i e

HA AR AEH T RE R AR, S it = (R 5 v B P X RE B AR, 1 100 52 i 6B 7 Y
U IR AR AR Y ARSI T e K Il T A e A R S TR, — R R T 0
MY RET , Xt 5K HE A T A Sz 5 A NS S8 AR g R S RIS s e —80 > . 5 FL
AR L, FD 41401 1A 498K 53 38 B AR A I PREE P B DR i i SR R A B N R i XA R ik
FOGERE I FPTIMHE IR A AR, HSEK /b TS RIEDIEN DO REAZ S D, it
A B4 FE T B G BE AR D, A TR AP 2 G E AL B IR A AT R L AR o 3 S Ab
A AE A AR 28 R a/b (EAR R T4 IR 20 X AN R PRBE A0 1 2 30
3.4 KRB AT UGS SR 2R DG

2 R B AR BRI ST 6 A D RE R PG G HEE T, R A H TR I 21 A R AR BT A 1
M RIIESEE T A FEEROCAERG R, X e Re v SR Y0 S F2 2 i R R s A i
BARKI B 5605 B FER AMSAOCRSGE T (PSID) RO EEAE SIRPI4E a 201, MK

http ; //www. ecologica. cn



34 FIRE A AR H K I -7 SR AR MO B SR T R L 895

SR SRR AR ALICH I R e P R RS R ZR I R AL S B R A R Y
A%, XU STEARKARE MR A IS R TOERFE S Fo/Fm BET PS IL R HC P B R 440
HRRW PSTAADERERIRE T . SR FFLLKHME B EFEAR T AL/ Fo/Fm (8 (BB T 23740
F Fo/Fm s, S0 REBA RE 225 byl W], FR80k i i PS IT S fpoi 2 4, D66 18 i i
RIS 1 -1 B K 7 AR A A AF (A 4 B RS AR B R T S A IR AZ PS T i o A 22 i 1k,
WA AR ETR F1 Yield Je il B T HORMR B H T FE5 A B BT}, 7 L I 27 4 i 2k 32 50
XKW B — MR IE RN, TEFRZE A R ERIE R I 4 Tl i — 2 R 2 390K PS T At 14 338 s AR A S B g
AR AR AR IDOCEER] . BREET 5% T DR 4N E 1Y ETR Fl Yield (9520 X T FD 20 , 3% R B
(R figt R K W Jop s T A ARAZ A B PS TR O B D REAS B — 2 R BE K2, 57 Hh K X Az 2l v PS T
TSR T T e R a AR S A

JEAL AR R B (gP) R/ BRI PS TR 1324k QA B RS R PS I o I RCH
AR, B0 PS TTHA B Y LA TR 1 DK (A 4 B 1 oP (AL 35 TR X R W 7E K
FEBE T, WAZ A RN L7 PS IR ) PS TRz ot i % 38 32 B, F T 370 & 1 L 1o
DAFR A T 2CRE R RERE N SR T M K ER L oP 97+ MR B AZ (1 PS 1T R ot
XF T IR AT IE MR, 757 IS I8 O PS TSR Fh s B8 DT TR 2 A Ak 55 M R A v vt 5 R ARl
FHER ZHL(gN) R PS TR @ R I L REASBE ] T L 1% 388 17 LR A4 2CRE G 19 DG RE 7
G gN A BEE N A R RS A iR ORI S HCT | SR IAL T SN gV (BT AR S sg
B 2H B S e T AE—E R B AR R EAFERICRE 1 i 07 20 A SR IR

MASEIRAT T RAKT R IIK RN B 0052 Wi B T8 52 R -7 S b i i o A [7] )
IRIYIREL A A L 2 L BT AN A [R] 98 SRt . (ELEAOR TR B 4l i e o ARl Dl 2 TR B v 4
R UCAFTT TN KHE R 5L W - A K 0 5 SR AR A AR PR A B S A i RO A A AT BB
BEA  (EAT I T AR K HE 2 40 B A S 56 R SR i A AN E AR, X SO 1AL RR A0t s | mT A% R i
TR DT AT AR IR SR B A (EUR, I 2 DX 9T AR R A2 %, o T L RE TR 2 52 S 2R Y SR I58 2% 1
K] B SR b A it — 22 BOESE o

References :

[ 1] Chen G ]J. Situation and problems in the Three Gorges Reservoir area. Resources and Environment in the Yangtze Basin, 2003, 12(2) . 107-112.

[2] LuoF L, Zeng B, Chen T, Ye X Q, Liu D. Response to simulated flooding of photosynthesis and growth of riparian plant salix variegata in the
Three Gorges Reservoir region of China. Journal of Plant Ecology, 2007, 31(5) : 910-918.

[ 3] LiCX, ZhongZ C. Influences of mimic soil water change on the contents of malic acid and shikimic acid and root-biomasses of Taxodium distichum
seedlings in the hydro-fluctuation belt of the Three Gorges Reservoir region. Acta Ecologica Sinica, 2007, 27(11) ; 4394-4402.

[ 4] Shi X H. Eutropication and phosphorus release of soil in drawdown area of Three Gorges Reservoir. Soils and Fertilizers, 2004, (1) . 40-44.

[5] JiangHT, XuFF, Cai Y, Yang D Y. Weathering characteristics of sloping fields in the Three Gorges Reservoir area, China. Pedosphere, 2006,
16(1); 50-55.

[6] WangY, LiuY F, Liu S B, Huang H W. Vegetation reconstruction in the water-level-fluctuation zone of the Three Gorges Reservoir. Chinese
Bulletin of Botany, 2005, 22(5) ; 513-522.

[7] LiY, ZengB, Ye X Q, Qiao P, Wang HF, Luo F L. The effects of flooding on survival and recovery growth of the riparian plant ( Salix variegata
Franch. ) in Three Gorges Reservoir region. Acta Ecologica Sinica, 2005, 28(5) : 1923-1930.

[ 8] Kozlowski T T. Physiological-ecological impacts of flooding on riparian forest ecosystems. Wetlands, 2002, 22(3) : 550-561.

[ 9] Kramer K, Vreugdenhil S J, Vanderwerf D C. Effects of flooding on the recruitment, damage and mortality of riparian tree species: a field and
simulation study on the Rhine floodplain. Forest Ecology and Management, 2008, 255(11) ; 3893-3903.

[10] Wang Y H, LiKY, YuY B, Liu X E. Effects of flooding on the moisture content and ring width of Pterocarya stenoptera grown in the beaches.
Journal of Anhui Agricultural University, 2005, 32(4) ; 505-508.

[11] YiYH, Fan DY, Xie Z Q, Chen F Q. Effects of waterlogging on the gas exchange, chlorophyll fluorescence and water potential of Quercus
variabilis and Pterocarya stenoptera. Journal of Plant Ecology, 2006, 30(6) : 960-968.

[12] LiJ Y. Variations of activities for protecting enzymes and superoxide of lipid membrane in Chinese Wingnut tree seedlings ( Pterocarya stenoptera)

http ; //www. ecologica. cn



896 A E = 334

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

after flooding treatment. Journal of Anhui Agricultural University, 2006, 33(4) ; 450-453.

Li C X, Zhong Z C, Liu Y. Effect of soil water change on photosynthetic characteristics of Taxodium distichum seedlings in the hydro-fluctuation
belt of the Three Gorges Reservoir Area. Acta Ecologica Sinica, 2005, 25(8) : 1953-1959.

Shi X L, Wang G D. Research advances in measuring method of soil water content. China Rural Water and Hydropower, 2003, 10.84-86.

Nijs I, Ferris R, Blum H. Stomatal regulation in a changing climate: a field study using free air temperature increase (FATI) and free air CO,
enrichment (FACE). Plant, Cell and Environment, 1997, 20(8) : 1041-1050.

Berry J A, Downton W J S. Environmental Regulation of Photosynthesis // Govind J, ed. Photosynthesis ( Vol Il ). New York: Academic
Press, 1982.

Hao J J, Kang Z L, Yu Y. Experimental Technology of Plant Physiology. Beijing: Chemical Industry Press, 2006 :65-68.

Demmig-Adams B, Adams William W. Xanthophyll cycle and light stress in nature: uniform response to excess direct sunlight among higher plant
species. Planta, 1996, 198(3) : 460-470.

Wang Y, Chen ] W, Di X Y. Characterization of the responses of photosynthetic and chlorophyll fluorescence parameters to water stress in seedlings
of six provenances of Chinese Pine ( Pinus tabulaeformis Carr. ). Acta Ecologica Sinica, 2011, 31(23) . 7031-7038.

Sultan S E, Wilczek A M, Bell D L, Hand G. Physiological response to complex environments in annual Polygonum species of contrasting
ecological breadth. Oecologia, 1998, 115(4) : 564-578.

Glaz B, Morris D R, Daroub S H. Sugarcane photosynthesis, transpiration, and stomatal conductance due to flooding and water table. Crop
Science, 2004, 44(5) : 1633-1672.

Chen F Q, Guo C Y, Wang C H, Xu W N, Fan D Y, Xie Z Q. Effects of waterlogging on ecophysiological characteristics of Salix variegate
seedlings. Chinese Journal of Applied Ecology, 2008, 19(6) . 1229-1233.

Yi Y H, Fan D Y, Xie Z Q, Chen F Q. The effects of waterlogging on photosynthesis-related eco-physiological processes in the seedlings of Quercus
variabilis and Taxodium ascendens. Acta Ecologica Sinica, 2008, 12(28) : 6025-6033.

Bennett ] M, Boote K J, Hammond L C. Relationships among water potential components, relative water content, and stomatal resistance of field-
grown peanut leaves. Peanut Science, 1984, 11(1) . 31-35.

Midgley G F, Moll E J. Gas exchange in arid-adapted shrubs: when is efficient water use a disadvantage? South African Journal of Botany, 1993,
59(5) : 491-495.

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

Guo HY, Fan Z C. Effect of Soil Water Stress on Photosynthesis of Allium sativum L. Acta Horticulturae Sinica, 1999, 26(6) . 404-405.
Biissis D, Heineke D. Acclimation of potato plants to polyethylene glycol-induced water deficit [l . Centents and subecellular distribution of organic
solutes. Journal of Experimental Botany, 1998, 49(325) . 1349-1360.

Zheng S X, ShangGuan Z P. Comparison of leaf gas exchange and chlorophyll fluorescence parameters in eight broad-leaved tree species. Acta
Ecologica Sinica, 2006, 26(4) . 1080-1087.

Li Q, Wei H, Li C X. Effects of soil water condition on photosynthetic characteristics of Prerocarya stenoptera C. DC. seedlings. Journal of
Southwest University: Natural Science Edition, 2010, 32(3) . 116-123.

Wang Z. Plant Physiology. Beijing: China Agriculture Press, 2002 .128-131.

Smethurst C F, Shabala S. Screening methods for waterlogging tolerance in lucerne: comparative analysis of waterlogging effects on chlorophyll
fluorescence, photosynthesis, biomass and chlorophyll content. Functional Plant Biology, 2003, 30(3) . 335-343.

Islam M A, Macdonald S E. Ecophysiological adaptations of black spruce ( Picea mariana) and tamarack ( Larix laricina) seedlings to flooding.
Trees-Structure and Function, 2004, 18(1) ; 35-42.

Thornber J P. Chlorophyll-proteins: light-harvesting and reaction center components of plants. Annual Review of Plant Physiology, 1975, 26(1) :
127-158.

Krause G H, Weis E. Chlorophyll fluorescence and photosynthesis: the basics. Annual Review of Plant Physiology and Plant Molecular Biology,
1991, 42(1): 313-349.

Zhang S R. A discussion on chlorophyll fluorescence kinetics parameters and their significance. Chinese Bulletin of Botany, 1999, 16 (4):
444-448.

Li X, Feng W, Zeng X C. Advances in chlorophyll fluorescence analysis and its uses. Acta Botanica Boreali-Occidentalia Sinica, 2006, 26(10) ;
2186-2196.

Van Kooten O, Snel J F H. The use of chlorophyll fluorescence nomenclature in plant stress physiology. Photosynthesis Research, 1990, 25(3) .
147-150.

Gu X, Li Z Q, Jiang C D, Shi L, Zhang H J, Xing Q. Effects of submergence and subsequent re-emergence on photosynthetic characteristics and
photoinhibition in Echinodorus amazonicus seedlings. Acta Ecologica Sinica, 2009, 29(12) : 6466-6474.

Feng D L, Liu Y, Zhong Z C, Yang J, Xie J. Photosynthesis and chlorophy Il fluorescence parameters of the reed ( Phragmites communis) grown in
the hydro-fluctuation belt of Three Gorges Reservoir Are. Acta Ecologica Sinica, 2008, 28(5) : 2013-2021.

Yuan L, Zhang L. Q, Gu Z Q. Responses of chlorophyll fluorescence of an invasive plant Spartina alterniflora to continuous waterlogging. Acta

Scientiae Circumstantiae, 2010, 30(4) ; 882-889.

http ; //www. ecologica. cn



34 FARE SF AL LK - SR ARG KSR O R 897

[42] Zhang S R. A discussion on chlorophyll fluorescence kinetics parameters and their significance. Chinese Bulletin of Botany, 1999, 16 (4):
444-448.

[43] Liang Y, Wang S, Feng L. X, Tian C Y. Effects of heavy metal stress on the growth and chiorophyll fluorescence of chaetoceros gracilis. Periodical
of Ocean University of China, 2004, 38(1) : 59-67.

[44] Chen X L, Li SQ, Ren X L. Effect of atmospheric NH; and hydroponic solution nitrogen levels on chlorophyll fluorescence of corn genotypes with
different nitrogen use efficiencies. Acta Ecologica Sinica, 2008, 28(3) ; 1026-1033.

[45] Qian Y Q, Zhou X X, Han L, Sun Z Y, Ju G S. Rapid light-response curves of PS I chlorophyll fluorescence parameters in leaves of Salix
leucopithecia subjected to cadmium-ion stress. Acta Ecologica Sinica, 2011, 31(20) ; 6134-6142.

[46] Bader M R, von Caemmerer S, Ruuska S, Nakano H. Electron flow to oxygen in higher plants and algae; rates and control of direct photoreduction
(Mehler reaction) and rabisco oxygenase. Biological Sciences, 2000, 355(1402) . 1433-1446.

Sk

(1] BREB. =W X R RARS B KITREERS S, 2003, 12(2) : 107-112.

(2] BO5m, BRis, m/ANGE, XU =R XS AR A A M 7K 6 & R AR A B, A A 252 4H, 2007, 31(5) : 910-918.

[3] ZEEWE, $ham. =% X IEEW oK BTE P (Taxodium distichum) YRR AACH Y BT & 8 FARA P (95g . 2R A2k
i, 2007, 27(11) ; 4394-4402.

[4] A& ZWOREFNR X IRBERBCS W ETR. 1IRILEL, 2004, (1) 40-44.

[6] EH, XK, XM, HESC ZPERET . MYk, 2005, 22(5) : 513-522.

[7] 20, 99, M/NSF, Fed, TigiE, P55, AKX = fE X R A MK BN (Salix variegata Franch. ) F736& AR E LK 52, A3
73R, 2005, 28(5) : 1923-1930.

[10] VEME, 25, RN, XA, HEK R R X R U AP S KRR SE R AR . ZERUROL R 2443 , 2005, 32(4) : 505-508.

[11]  AK3EAe, BERBT WIS, BROFIE. ML A W B FIAR B BR AR S 3 2R RO RUK S 52 ma. A4 A= 554, 2006, 30 (6)
960-968.

[12]  Z=20TT. Bt WMaa %A% S B OR3P BT TE SRR 14 S A B B S L2 BRIl A28z, 2006, 33(4) : 450-453.

[13] BB, haam, X025, U= X% 0K A (U P4 RO AR IS A, 225244, 2005, 25(8) : 1953-1959.

[14]  WEEFe, FEEMR. LS KENE I Epre k. b ERAKFIKE, 2003, 10:84-86.

(177 RSEE%E, FESR, T AR HoR. duat. fh2 Tk h ik, 2006.:65-68.

[19]  EBR, BREC, 2KmEH. ARNMAAFNEGC S FMZOESEOS K 5 Wl fm RERAAE. A 252540, 2011, 31(23) . 7031-7038.

(221 BRIFH, SR, EARAE, VPSCAE, SECTT, 3. KB XTRK SR Al i AR BA 2SR A A S ). IR AR 252741, 2008, 19(6) » 1229-1233.

[23] AK3Ehe, BERHT IR, BROSTE. BRI KT AL R R BRCRIA: B S BRI, A= ZSAAAR, 2008, 12(28) : 6025-6033.

[(27] 2, BRAM. THOKMMREN KRG G RFERISEIE. P22, 1999, 26(6) : 404-405.

[30] Bk, B, 2888 HHOKO KGN A E BRI, PR R . A SRR, 2010, 32(3) : 116-123.

[31] Ef. HEPEMY. duat. hEgLOl T, 2002:128-131.

[37] Z=me, mfh, WRE. MEERIOECHPTHAR KN HPERE. FALHY#R, 2006, 26(10) : 2186-2196.

[39] #&Wr, Z=akom, 2£EGE, AF, Kad, e KSR DS YU & A4 BT MR KRG e, 2554, 2009, 29(12) :
6466-6474.

[40] R X025, BhEEA, iR, R, =W XIHEw S ( Phragmites communis( reed) ) Y6 A A B R R SR RO, AR,
2008, 28(5) : 2013-2021.

[41] =k, AR, W4k ABAEWILAEK T (Spartina alterniflora) W2 38 9 6 Xt 8 K W38 A W RE. SR B8R} 242 4, 2010, 30 (4) .
882-889.

[42] RSP WHERRIOLI A SR B L AIHE. YA, 1999, 16(4) ; 444-448.

[43] BE3E, FIb, OUEE, WALIE. A a2 AN A B A K S M AR RSO R . Th R AR, 2004, 38(1) ¢ 59-67.

[44]  B/AL, 2R3, /e, KA NH, RO TR UK P XA i) B8 38 K FE R B M S PO S EsE . A 735244k, 2008, 28(3) :
1026-1033.

[45]  HokdR, FIBSIE  SEF, IMRIE, FGTE. CA HRE AT PS I VA E SN B, 240 2011, 31(20) ; 6134-6142.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.3 February,2013( Semimonthly )
CONTENTS

Ecosystem Service Simulation and Management
Securing Natural Capital and Human Well-Being: Innovation and Impact in China ««««««eeeeesessessmommmmmmrirerinii s
................................................................................. Gretchen C. Daily, Ouyang Zhiyun, Zheng Hua, et al (677)
Establishment of ecological compensation mechanisms in China: perspectives and strategies — =+oeseeeesereremmeeieiiii.
............................................................................................. OUYANG Zhiyun, ZHENG Hua, YUE Ping (686)
Regional cooperation mechanism and sustainable livelihoods: a case study on paddy land conversion program (PLCP) «eeeeeeeeeeenens
....................................................................................... LIANG Yicheng, LIU Gang, MA Dongchun, et al (693)
Progress and perspectives of ecosystem services management «-«-eeeeeeeeeeeeeens ZHENG Hua, LI Yifeng, OUYANG Zhiyun,et al (702)
Ecosystem services valuation and its regulation in Baiyangdian baisn: Based on InVEST model =~ «-e-eseereeemmeeeiniinie...
.................................................................................... BAI Yang, ZHENG Hua, ZHUANG Changwei, et al (711)
Identification of hotspots for biodiversity conservation in the Wenchuan earthquake-hit area ««++eeeeeeeeereeeriiniiii...
....................................................................................... XU Pei, WANG Yukuan, YANG Jinfeng, et al (718)
Effects of land use change on ecosystem services: a case study in Miyun reservoir watershed «+-e-eeeeeereeemreeeniiiii...
................................................................................................... LI Yifeng, LUO Yuechu,LIU Gang,et al (726)
Impacts of forest eco-benefit tax on industry price levels in Shaanxi Province, China ------ LI Jie, LIU Zhengnan,HAN Xiuhua (737)
Spatial characteristics of soil conservation service and its impact factors in Hainan Island = -e-eeeeeeeereieiiini
....................................................................................... RAO Enming, XIAO Yi, OUYANG Zhiyun, et al (746)
Perception and attitudes of local people concerning ecosystem services of culturally protected forests —-«-ereereeerresmiemeiieaie...
.................................................................................... GAO Hong, OUYANG Zhiyun, ZHENG Hua, et al (756)
Standard of payments for ecosystem services in Sanjiangyuan Natural Reserve --- LI Yifeng, LUO Yuzhu, ZHENG Hua, et al (764)
Natural landscape valuation of Wulingyuan Scenic Area in Zhangjiajie City «««ee-sssseeressmmmmresmmiiir i
.................................................................................... CHENG Cheng, XIAO Yi, OUYANG Zhiyun, et al (771)
Satellite-based monitoring and appraising vegetation growth in national key regions of ecological protection ««+++eeereeeeeeeeeieeieinnee.
............................................................................................. HOU Peng, WANG Qiao, FANG Zhi, et al (780)
Spatial Pattern of Water Retetnion in Dujiangyan County «+eseseeeseeeseeeeeeieanaen. FU Bin, XU Pei, WANG Yukuan, et al (789)
Spatial distribution of carbon storage function and seismic damage in wenchuan earthquake stricken areas «+-+o+eeeeveeeeeeeeiiiiii.e.
................................................................................................ PENG Yi, WANG Yukuan,FU Bin,et al (798)
Frontiers and Comprehensive Review
The Porter Hypothesis: a literature review on the relationship between eco-innovation and environmental regulation —«+«eeeeeeeeeeeeenees
........................................................................................................................ DONG Ying, SHI Lei (809)
Ecological protection and well-being «+«««««++ssssrerrseiimiiriiiiiii i LI Huimei,ZHANG Anlu (825)
An overview of the updated classification system and species diversity of arbuscular mycorrhizal fungi ««-«+oeeeeeeeeeereeemiieaiii...
............................................................................................. WANG Yutao, XIN Guorong, LI Shaoshan (834)
Autecology & Fundamentals
Evaporation paradox in the northern and southern regions of the Qinling Mountaing ««++eeeserererereratatiiiiii
............................................................................................. JIANG Chong, WANG Fei, LIU Sijie, et al (844)
The diet composition and trophic niche of main herbivores in the Inner Mongolia Desert steppe  <+-e-eeereeeeremmmieeniiiiiiiii.,
....................................................................................... LIU Guihe, WANG Guojie, WANG Shiping, et al (856)
Abstraction and analysis of vegetation information based on object-oriented and spectra features «-«-ssereeeereeeeiaiiiiiiii
...................................................................................................... CUI Yijiao, ZHU Lin,ZHAO Lijuan (867)
Hyperspectral estimation models for photosynthetic pigment contents in leaves of Eucalypius — «+ecoceeeeeeeeeereeiinnn.
................................................................................. ZHANG Yonghe ,CHEN Wenhui, GUO Qiaoying, et al (876)
Response of photosynthesis and chlorophyll fluorescence characteristics of Pierocarya stenoptera seedlings to submergence and

drought alternation — ++ssssseereseeeeeneeeneee e WANG Zhenxia, WEI Hong, LU Qian, et al (888)



1018 A E = 33 %

Effect of flooding stress on growth and photosynthesis characteristics of Salix integra — «++=+teeererrrreeeiieainii
.................................................................................... ZHAO Hongfei, ZHAO Yang, ZHANG Chi, et al ( 898 )

Water consumption of pear jujube trees ( Ziziphus jujuba Mill. ) and its correlation with trunk diameter during flowering and fruit
development periods - +sseeeererereteniiii ZHANG Linlin, WANG Youke, HAN Lixin, et al ( 907 )

Estimation of nitrogen nutrient index on SPAD value of tOp leaves 1N Wheat crerererrerrremiiiiii ittt ittt

Population, Community and Ecosystem
Carbon and nitrogen storage under different plantations in subtropical south China = «+rceeerreremreeneiiiii
.......................................................................................... WANG Weixia, SHI Zuomin, LUO Da, et al ( 925 )
Impact on water and soil conservation of different bandwidths in low-efficiency cypress forest transformation —+«+-eseveereeeeeeieeeenne.
................................................................................. LI Yanqiong, GONG Gutang, ZHENG Shaowei, et al ( 934 )
Seasonal changes of phytoplankton community structure in Jinshuitan Reservoir, Zhejiang, China ---ereeeereeeiemiiiii...
.................................................................................... ZHANG Hua, HU Hongjun , CHAO Aimin, et al ( 944 )
Winter carrying capacity and the optimum population density of wild boar in fenghuang Mountains National Nature Reserve
of Heilongjiang Provinge ««-eeeeeeeereeeeesieniiniiie, MENG Gentong, ZHANG Minghai,ZHOU Shaochun ( 957 )
Diversity of ground-dwelling spider community in different restoring times of post-fire forest, Cangshan Mountain, Yunnan Province
................................................................................................... MA Yanyan, LI Qiao, FENG Ping, et al ( 964 )
Landscape, Regional and Global Ecology
Drought characteristics in the shiyang river basin during the recent 50 years based on a composite index — ++eeeeeeeeeeeeaeeiiaiinn.
.............................................................................. ZHANG Tiaofeng, ZHANG Bo, WANG Youheng, et al ( 975 )
Land use spatial distribution modeling based on CLUE-S model in the Huangshui River Basin «-«-eseceeeeeeeeemiiiiiii.
.......................................................................................... FENG Shichao, GAO Xiaohong, GU Juan, et al ( 985 )
Research Notes
Patterns of terrestrial anthropogenic impacts on coastal wetlands in three city clusters in China =~ ------ WANG Yijie, YU Shen ( 998 )
Eutrophication development and its key affected factors in the Yanghe Reservoir «+«-eeeeeeeeees WANG Liping, ZHENG Binghui (1011)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ & ¥ W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semimonthly, Started in 1981)
(lliﬂﬁj 19814153)%’@”1:']) Semimon y,; arted in
$33% H3H (201342 H) Vol. 33 No.3 (February, 2013)
B (RS A Edited by Editorial board of

H Ht H
ShgR 3

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

Hhik b5 XU 18 5
MR L 4 % - 100085

LG : (010)62941099

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

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
R i 5 : 100717
At AREN R

- & B i
itk AR BEIRARILE 16 5
B s . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Editor-in-chief

Super
Spons

Published by

Printed by

Distributed by

Dome:

Foreign

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

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

vised by China Association for Science and Technology

ored by Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,
100717 ,China

Beijing Bei Lin Printing House,

Beijing 100083, China

Science Press

Beijing

Add:16 Donghuangchenggen North
Street, Beijing 100717 , China
Tel: (010)64034563
E-mail ; journal @ cspg. net
stic All Local Post Offices in China
China International Book Trading

ISSN 1000-0933

Corporation
Add:P. O. Box 399 Beijing 100044 , China

olr

9”771000 093132

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 90.00 T



	01.pdf
	fm.pdf
	zml.pdf

	stxb201204240589.pdf
	03.pdf
	yml.pdf
	03fd.pdf




