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Photosynthetic characteristics of Taxodium ascendens and Taxodium distichum
under different submergence in the hydro-fluctuation belt of the Three Gorges
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Abstract; After the completion of the Three Gorges Dam Project, the water level of the Three Gorges Reservoir Area
(TGRA) fluctuated between 145m a.s.l. in summer and 175m a.s.l. in winter. These extreme water fluctuations along with
an annual 30m water-level drawdown have led to the formation of the hydro-fluctuation zone around the reservoir, turning
the terrestrial ecosystem into a wetland experiencing winter flooding every year. Under these water fluctuation conditions, the
richness and diversity of the vegetation decreased and soil erosion was exacerbated, which further damaged the ecological
structure and function of the riparian ecosystem of the reservoir area. The effective way to solve this problem is to restore the

riparian vegetation artificially. Understanding the photosynthetic adaptation mechanism of water-tolerant species in the
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hydro-fluctuation zone is of great importance to undertake vegetation restoration in the TGRA. In order to research the
adaptation mechanism of the species suitable to the hydro-fluctuation belt of the TGRA, we designed the following three
water regimes; periodic shallow submergence (SS, 175m) , moderate submergence (MS, 170m) , and deep submergence
(DS, 165m). Li- 6400 portable photosynthetic measurement system was used to test the light response curves of
photosynthesis of Taxodium ascendens and Taxodium distichum after four cycles of submergence, in situ, in the TGRA. The
light response curves were fitted and analyzed using the rectangular hyperbola model, the non-rectangular hyperbola model ,
the rectangular hyperbola modified model, and the exponential equation model. The optimal model was screened out from
the four models by analyzing proximity between the simulated and measured values of photosynthetic parameters, and then it
was used to analyze the photosynthetic characteristics of the two species under different submergence conditions. Results
showed that; (1) The fit of different models was significantly different. The exponential equation model was the hest model
for the light response curve in accordance with the physiology of the two species; (2) The light response curves of the two
species showed similar trends in variation, and along with an increase in the intensity of submergence, the photosynthetic
rate of the two species also increased; (3) The maximum photosynthetic rate, apparent quantum yield, and light saturation
point of the two species growing under both deep and moderate submergence conditions were higher than that in shallow
submergence, while the light compensation point of the two species decreased significantly in deep submergence conditions.
These results suggest that the utilization capacity of both low light and high light of the two species were improved after
submergence. Submergence also stimulated the photosynthetic potential of the two species, which may be related to the
positive self-adjustment ability and the photosynthetic compensation of the two species after submergence stress. This also
indicates that when the habitat is stressed, plants often adapt themselves to maximize photosynthesis. Thus, it is appropriate

to use these two species for reconstructing the vegetation in the hydro-fluctuation belt of the TGRA.

Key Words: Three Gorges Reservoir Area; hydro-fluctuation belt; submergence; Taxodium ascendens; Taxodium

distichum ; photosynthesis; light response curves
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e 2 17 FH S M0 R ASE IR X WA Ao 2 4 0 P B FUL A RS AN 5 LA = DX 9 7 i o7 ol AL Y Tt A2 e 2RI AZ
SIWFFERT G, DN HKHE I 9 3T B0 G 7 2, IR FH B A XU LA B A A Ut 2T A Ut 2
TERERUFIFE RO 4 PSRRI AT 105, OACAS O RUL & 45 R 1 22 59 0 1 e O R, 9F 8 /K e ) 7% 130
PR Foft 4075 A BRAR A SR AR T PP RROR AR 35 T O ML, LA S g 5 = P DX i N T i Ay
FAE PRER AL BRI

1 #MREFE

1.1 R RS

TR0 i 7 T E PR R B SRR Y Y AT 5 i A 08 5 s i i (107°32'—108° 147 E,30°03'—30°35”
N) AL 0.133km*, PRI KT — S0, i IsUE B 75 m 2 KX LD <0, 4R IRE = 10°C, AR FUR
5787°C ,AEYIR 18.2°C , LR 341d, H BEIAL 1327.5h, A B 299% , K BH SR ST HE 83.7x4.18k]/cm? , 4E &
17 1200mm , AHX 1 80%

TR I6 I e B A2 FNTE SPIAZ A R T V84 165—175m IR TG E Y, Ml T 2012 4E 4 |, #e Rt i i
2 AR RIS AR — 3 R BB RE HL Y A 20 N FE 10m T BT R 19 4501, AN Ao il — A
Tl PSP A S B Fl A, BRATHE M Imxm, ARG S ST RIGEK 1 1K,2012 4F 6 H s A b7 &, ETEA
JTFHEARAK, B 2016 4 7 ARSI AL, IR E 207 T 4 AKA2 e 8 5, IF AR R AT,
1.2 BT

T 2016 4 7 H R A TS M BRI AR T AN TR VA v A )V K TR B A K RS e [ A s K]
I3 3 ASFEE R (SS, MK 175m R IR) P REZKHE (MS, 4K 170m ) FRBE K (DS, 4K 165m) , & FEF
B KK TR FE KK RAILER 1, B W AN s A 0 e JBC 4 AR A ST i) B A AR VAR R | F Rk
B3 R ot AT IE H A RS2 R (7 T8 v B350 /5 S e 2, B 100 S 7 il 4%

R1 TRIKELEE 4 K EEE N EKEREMK RS E

Table 1 Submergence depth and duration of the treatments at different submergence treatment during the four water cycles

Mk KV VR JK#REL Submergence duration(d/a)
Elevation/m Submergence depth/m 2012.06—2013.07 2013.06—2014.07 2014.06—2015.07 2015.06—2016.07
175 0 2 5 8 5
170 5 125 101 141 111
165 10 175 158 217 161

1.3 3SR S5 LA I

K EAGR AT DW- 1 B (VLRI FL A AT A28 A B AN w1 A 77 ) T A b, - 1 Ak Ji r 7
(Eh) . o AR LA ARE HIESRIE 10em AL, RFEL LA B RF B0 I 10 SRAE, % A4 FH T 7
M 1o 2B g A 4 6D T Eh RO . R RAF R R FE A £, H Eh A T +400-(+700mV Z 1] ;
WEKJ5 Eh 2246 M +400 2[+72mV ; i 24 Eh {£ T +350mV , 20 A E=Y
1.4 Sl 28 i 2

T 2016 4F 7 H B £ B KA A T B0 0 BRI E 9:30— 1200, SR Li-6400 fH #5004 &
4t (Li-Cor 6400, Li-Cor Inc, USA) #EAFIAE , % I Li-6400-02B Z1#5 YEIR I E — R ANGE A ROR ST BB
1800 ,1600 1400 1200 ,1000 ,800 ,600 ,400 200,100 .50 Opmol m™2 s™" I 5E i FH [ SR GXT - Fr 64T 762075 2
U IEGR IS, e/ DR IR E R 1208, CO, MRIE TR B (400+5) umol/mol ({345 F 5 /NI FZHE) o i
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Table 2 Changes of soil redox potential ( Eh) of T. ascendens and T. distichum under different submergence treatment ( means + SE)

Kb 3 Treatment
PFl Species
SS MS DS
A2 T. ascendens 420.60+5.51a 386.40+5.09b 346.40+3.80c
VRIS T distichum 425.60+3.54a 360.20+2.46b 331.60+11.42¢

SS. ¥ |, shallow submergence ; MS; K , moderate submergence;DS:?ﬁhﬁfE7k?ﬁ,deep submergence;Kﬁ/]\giﬂﬁé/Jiﬁ4%ﬁﬁmla7k?ﬁ
AbFRALIR 225 B (n=4, P<0.05)
2.2 R[RIK AL S X i AZ TR SPIAZ AR R RAE Y 52 e
227 4 IR TS B AZ R PR AS S R AT AN IR ZKOHE Ak 33U 1) R R A R R S 80E AR b e 35 AH
LR 3) o PR Y A2 S48 g A7 A 1 2 22 57 (P<0.05)  H93R B SS ZH>MS ZH>DS 2 BEAE /K e o B iy 4
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Jin, PR RS e et i ok 2 RAATG (P<0.05)
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Table 3 Growth characteristic parameter of 7. ascendens and T. distichum under different submergence treatment (means + SE)

WAZ T. ascendens

V&K T. distichum

$FE{E Character

SS MS DS SS MS DS
J¥i#%: DBH/ cm 6.50+0.12a 5.75+0.09b 4.46+0.10¢ 6.48+0.08a 5.83+0.10b 5.07£0.15¢
561 Canopy/m? 5.38+0.24a 2.86+0.32b 2.45+0.09b 8.87+0.78a 6.62+0.23b 5.52+0.27b
WS Tree height/m 5.92+0.17a 5.21£0.03b 4.3420.05¢ 5.71x0.11a 5.09£0.05h 4.84+0.06¢

ARRVNG F IR [ — PR e R K s b B [H] 22 573 i 3E (n=4, P<0.05)

2.3 AFEDEW RS OR

AR K AL B 5 Bt A2 R PV AZ SR FH AR [R) A RUADL B A8 A AR (& 1) o 7E 55 0% (PAR < 200pwmol
m2 s ) R, 4 REERILE A OG0 7 th 2k s (kB R PR K H A LA S ST 25 (/)N 5 Bt G5 Y
HAIN, AS[RIRE AR ] i 25 F BT B K, 4 VR Ao & B0R (P,) YR 5 G50 A 38 i s (B i T 27,

T AN [RS8 5] 14 72 A1 Wk P8 22 S K
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Fig. 1

submergence treatment

T [E) e i B AR B 3ot it A2 0 5 IS SE & IR A LM R B LR LS

Simulation of photosynthetic rate-light response curves of 7. ascendens and T. distichum by 4 models under different

2. s 6. 8. s s s s s s
aHA $ﬁg‘j

SS: ¥ , shallow submergence ; MS: H' £ /K ¥ , moderate submergence ; DS : /K, deep submergence; A ; FL A XUHH 2R A (A2 ) ;A HLAA XL
HHERAEAL (B PA2) B AR BLA XU AR AL A2 ) s B A ELA BT ZR A (52142 ) 5 C . AU BB IERA (b A2 ) 5 €7« ELA B 28 IE A

BI(FPA) s D ARBARII (WAZ ) s D A3 BRI (FRA2)
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TR DL AR TR A SRt 53 B I AR o 1 i) 1l £ AT
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Table 4 Characteristic parameters of light response curves of 7. ascendens and T. distichum under different submergence treatment

i i b o/ P LSP/ LCP/ Rd/

Species Model ~ Treatment  (wmol/mol) /(pmol m™2s7")  (pmol m™2s7") (umol m™2s71) (pmol m™2s71) K
HLLYZ S {E ss ~ 0.031 ~8.55 ~1600.00 ~ 59.94 ~0.50 —
T. ascendens MS =~ 0.043 =~ 15.10 =~ 1640.00 ~ 42.30 ~0.60 —
DS ~ 0.044 ~ 18.14 ~ 1640.00 ~ 71.05 ~0.80 —

I ss 0.060£0.012Aa 11.79£0.49 Ac 484.46+74.15Bb  53.87+8.95 Aa 2.33+0.41 Aa 0.968

MS 0.073£0.006 Aa  18.73+1.99 Ab 548.54+66.31Aab  38.50+12.59 Aa  2.19+0.53 Aa  0.985

DS 0.068+0.013 Aa  25.03£0.85 Aa 710.37+48.46Aa  66.58+5.63 Aa 3.7420.58 Aa = 0.992

1l ss 0.056+0.009 Aa  11.70+0.55Ac¢ 482.11£75.63Ba  54.33+9.12 Aa 2.31£0.41 Aa 0.968

MS 0.068+0.004 Aa  18.63+2.08Ab 545.42468.50Aab  38.36+12.73 Aa  2.14x0.55 Aa  0.986

DS 0.068+0.013 Aa  25.03+0.85Aa 710.56+48.48Aa  66.55+5.65 Aa 3.74+0.58 Aa 0.9

I ss 0.060£0.013 Aa 9.510.85BCc — 53.70£9.16 Aab  2.31£0.46 Aab  0.968

MS 0.062+0.007 Aa  16.02+2.08Ab — 37.77£12.75 Ab 1.92£0.55 Ab ~ 0.983

DS 0.0630.010 Aa  21.63+0.59Ba — 83.73:14.90 Aa  3.54x0.45 Aa  0.992

v ss 0.03120.005 Aa 7.81+0.61Bc 1185.17¢187.3Ba 51.269.26 Aa 1.27£0.09 Aa 0952

MS 0.043+0.004Ba 13.601.22Ah 1352.34£140.76Aa  28.193.86 Ab 1.31:0.04 Aa  0.977

DS 0.039+0.005 Aa  16.74+0.47Ca 1615.76+74.89Aa  33.46%3.45 Bab 1.28+0.02 Ba 0.985
&R SME SS ~ 0.023 ~ 5.98 ~ 1240.00 ~ 24.83 ~0.80 —
T.distichum MS =~ 0.026 ~7.24 =~ 1400.00 =~ 39.05 ~0.90 —
DS = 0.034 =~ 9.29 =~ 1400.00 = 41.61 ~1.30 —

I ss 0.103£0.033 Aa 10.00£0.00 Ab 488.48+47.12 Aa  29.43+7.43 Aa 2.46£0.72 Aa 0916

MS 0.055£0.010 Aa  10.41£0.25 Ab 444.27£19.94 Aa  36.30+3.73 Aa 1724035 Aa~ 0.981

DS 0.0880.008 Aa  12.10£0.30 Aa 491.74£36.77 Ca  34.13+7.57 Aa 2.30£0.50 Aa = 0.990

il ss 0.052+0.008 ABa  7.06+0.45Bc 345.74+21.71 Ab  26.34£2.91 Aa 1.17+0.17 Ba 0.977

MS 0.043£0.004 ABa  9.14+0.47Bb 392.76+13.86 Aab  36.363.60 Aa 1.41£0.16 Aa 0.9

DS 0.062+0.008 ABa  11.23+0.42Aa 458.70£30.06 Ca  37.78+8.44 Aa 2.02£0.49 Aa 0.992

I ss 0.060£0.006 ABab  5.86+0.35Cc — 25.09+2.17 Aa 1.25+0.17 Ba 0.975

MS 0.049+0.005 Ab 7.42+0.19Ch — 34.45+2.94 Aa 147020 Aa  0.991

DS 0.07720.012 Aa 8.6920.57Ba — 33.93+7.56 Aa 2.06£0.55 Aa = 0.991

v ss 0.026:0.003 Bb 5.39:0.44 Ce 1120.11£58.31 Aa 39.33+3.22 Aab 1.20+0.04 Ba 0.962

MS 0.030+0.004Bb 6.900.32 Ch 1200.04£130.38 Aa~ 45.52+5.99 Aa 1.27+0.03 Aa  0.984

DS 0.047£0.004Ba 8.45+0.57 Ba 1120.32+48.99Ba  29.953.75 Ab 1.24+0.07 Aa 0.990

1. HA AR Rectangular hyperbola model ; 1T =[l: EL A SUHH LA R Non—rectangular hyperbola model ; 111 ; 1 £ XU £k 16 IEAE AL Modified model ; IV ; $8 5057 |
Exponential equation model,o: ZW & F40 %, Apparent quantum yield; P, : F Ki§t A3 %, Maximum net photosynthetic rate; LSP: Y&t Al &%, Light saturation point;

LCP . YGRS Light compensation point; Rd ; I I R | Dark respiration rate;R2 JRAE 24X, Determination coefficient ; 3 Ei iy SN[ EY R K H Duncan 2 (n=4,P<
0.05) ¥ 55 ; AN /ING SRR Rl — AR RIS 7E AN [ b 381 i 88 35 22 5, K SR 3 [R] — A o ) A SR A R ] 25 2 =
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DS Z>MS 41>SS 2, (H N [R] K A B PR o i 7 il 2 1) im (IR AR AL SR B R 22 57 0 Bl A DU Yok 1 34
K, MS DS 4L F () P RFEEE N, 0T SS AU B WIAE R MIE PAR B EEIA R TG, Z 5t m R, 760l E 1
SR B A, AR R IR I RIS, BIFE G35 h 1800 wmol m™ s~ B P ATHA 7N 8 G R 34 R AR 1%
BIREDEA(E 1), B P, HLSP MR (F 4) . ANFEUKEABRGMAZN P, LSP 1 LCP ¥t kT
%P,

XSG R BRI G S SRR (R 4) 20 T 4 AR EIMED Sh A Wi R 28 AR TR K 8 AL BS , MS 1 DS
WS ESELL SS HBF RS, X TiA2,3 NKEA ) o LSP M Rd ¥ITERE 2SS 1M MS 4111
PSS AR EHRE T 74.1%(P<0.05) ,DS [t MS ARy P, &S T 23.1%(P<0.05) ., #/KJ5H LCP
Lt SS 4H i E AR (P<0.05) ,MS i1 DS ZH%) LCP Lt SS 203 BIFEAR T 35.4% 1 45.0% . XF % PIAZ10 5, DS 41
) o b SS AT MS 4 &4, MS A1 DS 41 P, b SS 443 l4R T 56.8% 1 28.0% ,DS HL MS 4114 P, &
FHET 23.0%(P<0.05) . 3 PMIKHEANFEZE B LSP #1 Rd ¥ C 3525 % . MS F1 DS 4% LCP 439kt SS 2H %
KT 23.8%F19.7%

3 iTFig

3.1 JuEoma ;LA A A LA

R BRI GG G M2 LS, T AP BRI AE Y i R ARS8, X T G G AR Bl AR
TR RS (0 S HOE M AAE— 8 22 5 AFE a5 R (1B 1 FIEk 4) IESE 7458,
AN, 7 H Al 8BS 8 R B9 WA ( Prunus sibirica L) M BB A ( Ginkgo biloba ) B ZEM ( Koelreuteria
paniculata Laxm.) " SRR ) 2SR5 (BT 45 SR B B IEASTAI 4 S ROR IR . ABFFE R IR LSP (14
B B IEBRIEAER R 3K 502 WSS 3 ok 22 AR Xt AR [ P IR AR B2 AR ( Quercus wariabilis ) 16 R il & 114
EWIFEAE R — 5, B, BB A IE B S B D T OG-8 FRE S E0 il M, 4 BE B IE S WA ¥ 1 0 & g
J3U8 AT WA RS AE P R e g i 2 | £ LAY (1 25 SEEA T A0 AT | 418 e X AR AL v 4 SRRl T 4 G
PEo 25 FRTIR TR EORL 005 45 SR T AT G W R D 14 28 22 R 5L
3.2 KI5 TS N PIAZ B G il 2 i i 1o

L (10 S 7 141 288 55 B 52 WA A9 T s R 32 ) 3 o A ) 40, T LA IR 0 %o AR 85 1) 3 i i T
P, e A YR KOG A TRE M E AR ARBFIE R W], MS I DS 4Lz FiE P P, HE SS 413 A
W (R 4) , X AT RE 5 /K W 45 o J5 TR A ) 35 AL R DG, A BIFSE R W AN T 2 B2 K s 10 LA
( Taxodium hybrid' zhongshansha') i P, oo BEISSA BT &y R i B0 G0 1 91 R RS K RN K 5 7%+
ST RARR, ARSE , AKX I ) 6 A TS ) Y B i — s (AR P P> Pl b T AT, PP ARE A 22 300 1 XK
VE I3 S5 S I RE T, 33X AT R R PR Sy v JRE 7K T AR A TS 108 TR A A Ay 3 17— ) 7K R 17T 3 o 49 508 ' i )
MR LB EZ RS, Horb S50 T2 ek P B ey P, HOGS ALk, & W
PRI IO S KO6E AR 188 Tk, AR R E—EWHREFMFETH R P, RET
Rubisco 715 oL P& s | FEARIS 50 T, KM 5 DR R P, R o #8255, J& 75 i T R /K 8
Joipi S5 PS 1 HLF-1% 35 305 S i PRI Rubisco 1 MO =, 0 R FaE— 5%

a fEME IR, BB TR A VR T RE R AR LR X SRR I RE 1 o s, BEBAILIT Ao
REFALACR R . MR R PN o, HIEELE 0.08—0.125umol/ wmol Z 0], HTE AR T I o H
PR T BB (E, —MAE 0.03—0.05pmol/ wmol Z i)™, JKAM A £ o (H 2 HXS F AR o
HAHOKHE R RIERE R, WZTE 3 DMKEABAN o FARA B EEZESR (KR 4), HIHETE
0.031—0.043 wmol/ pumol I 31 ; ¥4 FIAZ MY o JEEITE 0.026—0.047 wmol/ wmol i 8l , 5 — ALY 7EE BA K
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SR, REYIFE K IS AR A A PR 100 2 A e LT 32 K 8 W3 B ) I 2R AR ARBF S M EE T
SS 4, 2 Py RiT S K A PR R EAIK 52 30T 0 510 R R R AR AT IR, B T X 13, O 52 /K o %8 32 9 DR HL o
WA R AR A A X — B0 5 PR BT a6 2 R ) A 4 A A < Py B AR SO ] EUF i 45 il B 0 ke i
B B T— A ER AR B IR IR AR WU 32 i a1 B TR R BIREE | 2E ) 2 T
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2B IR YA E AR AR R FLBRE A Kl DR B /K TR O B I, — % BB 2, WA & ARUE iUATR
FALB G S AP R UIAROC . oA W58 3R BRI AR W 7RV P bty B /KR, AR R B AR Ak 1 240 i
] B AN, 525 R 40 R) B AR i T AR AR B ARG, B AR R RO B AR v AR AR R TR e
HERTRRT RT3 MW, 3 T B K R 0 A R0 s s b | AR RS2 A %% SR St v 8 A A
B IRERIFIAR AP A, 33X A ] R A R K W J DI B BB T 3G iR A — N SR 2 W TR e R A 3 o T 5 B R
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4 Zhig

=R DR v N T E A AR TP T AZ MR SR AE R T T 4a B/KIE -7 TR, R RAFAYAE
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AWEFE RN IENL S (A — 2R ERAR LT PITRNG . B, A5 A2 Fs P2 v

http ; //www.ecologica.cn



8 1

BUlEME  AF IR DI AT AN [ K SR T A S T RS O AR B 9

TIHHEAT T — U A T AR SR I A= R it A T M I 5 RO, AR SO0 7K i 7 I PR R R D6 153 2F
HURFAETT IR TR0 AR T =00k 12 DI v i U7 A B 908 e — IR SR 2R O 7, I L T
FE— P BIWFFE TAR WOREACHS 55 AL LA B DR 2R3 45 05 T B | DT 22 THT 463 75 PTAR Rl = e 28 DX
VA I ACHEE ML, sk et R AS BRI R IEAERE— IR AT B TAE

£ 3L R ( References)

[1]
[2]
[3]
[4]

[5]

[8]
[9]

[10]
[11]
[12]
[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

New T, Xie Z Q. Impacts of large dams on riparian vegetation: applying global experience to the case of China’s Three Gorges Dam. Biodiversity &
Conservation, 2008, 17(13) . 3149-3163.

XYM, A, B85, B = WOk BEIH T ORI R YRS ZREE2E 5. LA, 2012, 32(17) : 5454-5466.

B, BTSN, SRR PRI YA R R R R K L ARRERIFSE, 2011, 18(6) : 190-195.

BB, BRI, SR, IR, WSRO W DR LR B XTI Y& A B S T W R T e S BR AR A A AR, 2015,
39(4) . 416-432.

SEMHE, WEW], SRAUK, BB, RH, RYEYE. =wRPE I EN AL HUE M AR A G A B A SRR, AR, 2014, 33(12)
3222-3229.

MR, BT, SRR, SRARSE, RRE. SWOK RN E L RS SEFEIRESAE. A, 2012, 32(6) ¢ 1723-1733.
Mommer L, Pedersen O, Visser E ] W. Acclimation of a terrestrial plant to submergence facilitates gas exchange under water. Plant, Cell &
Environment, 2004, 27(10) . 1281-1287.

Perata P, Armstrong W, Voesenek L A C J. Plants and flooding stress. New Phytologist, 2011, 190(2) : 269-273.

Kozlowski T T, Pallardy S G. Acclimation and adaptive responses of woody plants to environmental stresses. The Botanical Review, 2002, 68(2) :
270-334.

Colmer T D, Pedersen O. Underwater photosynthesis and respiration in leaves of submerged wetland plants: gas films improve CO,and O, exchange.
New Phytologist, 2008, 177(4) : 918-926.

FWFEE, W, R, IR, B/NGE, BO5N. KIS RAKIEXT 4 Fh =R EE IR AR AR SR E AR . A AR S AR, 2008, 32
(5):977-984.

XBEMS. =0k 22 DX 9y PRI A X e /K PR 8 I P OB E [ D). bt . MO RHEBFEBE, 2014,

HF . LA VERIXEH CO, MRS R I 5T ik . A 5244k, 2010, 34(6) : 727-740.

Buckley T N, Diaz-Espejo A. Partitioning changes in photosynthetic rate into contributions from different variables. Plant, Cell & Environment,
2015, 38(6) : 1200-1211.

AR, Hokam, A, FIEM, IMRIC. MUBRPOEE LR s ZBAHIE . BRI, 2015, 29(1) : 169-177.

WIS, SR, AR, T OtE. TR R S R A AR S R G R W AR R O & R M E . HERNE: D shERE
2004, 34(S2) . 125-130.

SRR, REIT, AT, Ml RSO, 0. A R LD RA AR SR ROL S AR TRt i 2. v AR SRR, 2006, 17(9)
1575-1578.

ML S SR TE R A SRR AL - LW 86 R, A= 2522%3E, 2007, 26(8) : 1323-1326.

Sharp R E, Matthews M A, Boyer ] S. Kok effect and the quantum yield of photosynthesis: light partially inhibits dark respiration. Plant
Physiology, 1984, 75(1) : 95-101.

Bassman J H, Zwier J C. Gas exchange characteristics of Populus trichocarpa, Populus deltoides and Populus trichocarpa X P. deltoides clones. Tree
Physiology, 1991, 8(2) . 145-159.

Kyei-Boahen S, Lada R, Astatkie T, Gordon R, Caldwell C. Photosynthetic response of carrots to varying irradiances. Photosynthetica, 2003, 41
(2): 301-305.

B2, SKOLAL, SRAESE, XA, X8R, W1/ 22, R IR 3K 43 T A 565 VR RDG R R i B R HBE L. A= 45254, 2011, 31(16) :
4499-4508.

FXCH, RS, XVESE. RO TS R EER A R O R H 2 A ELE . B RO sS4 AARBLSARR, 2015, 39(2) ¢ 14-20.
E/NE, ESCHR, XUAEE, UURDE, JRBE, BT, SR, MM, YL AR ARSI B R4 WO R BRI R B A AR
2016, 36(24) : 8062-8070.

HPHY, 00, B, B, SR, WA, . 5 R e R Ot L i 2 R LA AT, b [ RO B S, 2016, 18
(4): 124-131.

AR, TR, SRR, SRAL, BITIE, PGk, SR, RE%E, [iX%E. EPRZE DI BR AR TR MO R

http ; //www.ecologica.cn



10

S % 38 &

[27]

[28]
[29]

[30]
[31]
[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]

[40]
[41]

[42]
[43]

[44]

[50]
[51]
[52]

1995, 22(2) ; 14-18.
Wang C Y, Li C X, Wei H, Xie Y Z, Han W J. Effects of long-term periodic submergence on photosynthesis and growth of Taxodium distichum and
Taxodium ascendens saplings in the hydro-fluctuation zone of the Three Gorges Reservoir of China. Plos One, 2016, 11(9) ; 0162867.
VIR ARIRREE AKX h IS SR A A K SO0 E AR E M [ D). M aT. AR, 2016.
N, JEE, EREG, A A =002 2 X M KO R A 1 B Ak B0 A AR 7 T AR . DU RS RSk A ARBREER, 2011, 33(10)
46-50.
B, PhEsal, FIEET. ARIKA S0 T AZHHAR R IS0 JEREme & i S A . Aol B2, 2008, 44(10) : 1-7
Pezeshki S R. Root responses of flood-tolerant and flood-sensitive tree species to soil redox conditions. Trees, 1991, 5(3) : 180- 186.
Baly E C C. The kinetics of photosynthesis. Proceedings of the Royal Society B: Biological Sciences, 1935, 117(804) ; 218-239.
MRAEAL, ToR5R, TEakfl, Bdife, TAEM, B, Kk, AR LK G %0 T 2EROEA R Rt EDK HRFFRE, 2012, 10
(3): 105-110.
Thornley ] H M. Mathematical Models in Plant Physiology. London: Academic Press, 1976.
Ye Z P, Yu Q. A coupled model of stomatal conductance and photosynthesis for winter wheat. Photosynthetica, 2008, 46(4) ; 637-640.
PO, AR, REB WSCE, R BRSO AE RGN R BT A . ZPEARBEST, 2014, 32(4) ; 38-44.
MWy, HHEe, WE, ERese. ARIFEREEBRCm R 2 ARG KSR, %2R, 2016, 35(2) : 387-394.
EFM, BFE. T A0 LB A RAE Y R S VE. HPIBESE, 2009, 29(1) ; 43-48.
BUNEE, XU, SKRAREIL, WiB5, skB5, IEEAE, EHL BPAE/NEMT AL A R th 2 BTG TR Aol RN KSR R, 2012, 32
(3): 124-128.

e, S, HEY, B0L, WEH, TR, BRI, (LY. AREFIERDCEENSEBMT. £, 2012, 32(11) ; 3628-3634.
Watling ] R, Press M C, Quick W P. Elevated CO, induces biochemical and ultrastructural changes in leaves of the C, cereal sorghum. Plant
Physiology, 2000, 123(3); 1143-1152.

B, skoehll, SIS, EB%. IWARMAOLG FZEEVE IR G RO 18K 43 i i i B2 R HIAE 252741, 2008, 19(6) : 1185-1190.
BPTHE, FEISE, TRARSC AL R SRR WA A R E R AT, PUALAMBHL K2 i, AAARIEAR, 2008, 36(4) : 111-
116, 122-122.

B8, Mok, FBell, TR, Rint 420 58 2 22 (L& P SR PO RHE RS, WMIGE 2 B2 i . ASARLSARR, 2010, 23(4) .
108-112.

ﬁié’ﬁ%frﬁ TR, B, WK LKA XTI RSO A AR G R R B . Mol B2, 2007, 43(5) : 30-35.

BN, Tl—]j:l%é7k§ﬂ:4ﬂ’ DA VEAR IR SR N . AR, 2010, 30(15) : 4019-4026.

ThHRIA. ifﬁ%étﬂ‘r(ﬁlmﬁﬁ). Jeat. &% A, 2001.

Simova-Stoilova L, Demirevska K, Kingston-Smith A, Feller U. Involvement of the leaf antioxidant system in the response to soil flooding in two
Trifolium genotypes differing in their tolerance to waterlogging. Plant Science, 2012, 183(9) ; 43-49.

Mommer L, Lenssen J P M, Huber H, Visser E J] W, de Kroon H. Ecophysiological determinants of plant performance under flooding: a
comparative study of seven plant families. Journal of Ecology, 2006, 94(6) : 1117-1129.

%Z’S, B AR BN W R A, 2001

EBE. BiEOT = A ﬂlétk&étlﬁi%ﬁ’]ﬁfﬂﬁ[m. M. MR R, 2011

Kik, W‘Z HKIY, W BRI S A ZIE SR KRR AR AR, PR RIS R [ SRR E 240, 2002, 18(4) : 97-102.

http ; //www.ecologica.cn



