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Tab.1 Basic information on the thirteen plant species tested

M) 2 R ik Byl SRR R /m
F ¥ Taxodium ¢ Zhongshanshan’ 12 F} Taxodiaceae FIWN 165 -175
Yl Saliz sp. IR Salicaceae Ir AR 165 -175
MAE Citrus reticulata ZEF B} Rutaceae FrAR 165-175
H:38) Vitex negundo var. cannabi folia D5 Rl Verbenaceae HEA 165 -175
Z Morus alba Z Pl Moraceae HEAR 165 -175
Wi Bk A€ Urena lobata PR Malvaceae HEAR 165 -175
P52 Phragmites australis KAF} Gramineae LZAFHE R 165 -175
5 Miscanthus sinensis KAF} Gramineae EACREN - PN 165 -175
LB Xanthium sibiricum 2Rl Asteraceae — AR R 155 -165
KIRMFL Bidens frondosa Bl Asteraceae — AR 155 -175
VL4 B Bidens pilosa % B} Asteraceae — AR R 155 -175
AW Aeschynomene indica &Pl Leguminosae — AR R 155 -165
B3 Polygonum hydropiper R} Polygonaceae AR LR 155 -165
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Fig.1 Diurnal variations in net photosynthetic

rates for the 13 plant species
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MR 2 HR] AL, SEER A By 13 R A B 206
A ARTE 2.36~11.11 pmol/(m® « s); FHd, Pl
A A5 (9 B 3490 & 58 RN 0 2.9 pmol/
(m* « $)F 2.36 pmol/(m* « ), FrAK K REF AR
KW H 5% 4 R AE 5.33~8.97 pmol/(m® « s),
RANHEF I A HEAR>TE AR,

AR B - i RS 2020 A5 A 0.43~6.58; He
TR A IR R M R B I T AR 4R B
Ko FeAR L HEAR J B8 W 4 o T BR 98 K08 (e
2.38~3.90 R/NEFP 1y : TR HEAR > HAR,
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Tab.2 Average photosynthetic rate and leaf area

index (LAI)of the 13 plant species

L7} H #5556 & #i%/ T
24 B pmol * m?2 e st iR
LRI 2.9040.08 2.8040.69
A 10.72+0.31 4.5240.27
Hit A 2.3640.25 4.3740.21
Lawil 7.5240.31 6.58+0.18
ik AE 10.46+0.86 1.88+0.53
F 8.1240.46 1.6140.25
FE 7.75+0.95 5.68+1.12
[EFis 6.1140.31 1.9640.29
“H 8.8840.18 2.48+0.89
KR A = 9.05+0.20 0.79740.20
A 11.1140.26 0.82+0.18
A 10.89+1.11 0.43+0.11
e 8.9940.26 4.4840.58

23 BAMEREHREREE

Ve TR Ak s AR A BT B TR O A E L P AR A
LY 5 0F IR AE FTEAE A LY 2 2 v R L R iR
Uk WA ) 1 A = i L A ALY R R, [ T
A DAL e 7 o R . [ e e R T K/ R W TR
MR 5 A FEHEAT AR LK 4 38 e 1 A BRAIL ) 5 55 (5K
W4 ,2012) , MRAEE 1 AEYIEOE A HR A H AR 1k il
23t (2 - (O THE 4 AR B 13 P A B
ALY HOE A R A (P L B (W, ) KA H
B (W) (£ 3, I 3 haf Al 3 Fli TR A 5
A7 I T R0 [R) Ak i L B LA R HORR GRS A I TE
90. 28~405.17 mmol/(m”* « d).3.18~14. 26 g/
(m? « A 2.31~10.37 g/(m?* « d),3 MEFR LU
(R BS = R R 8 (R b7 7 NS R AL T 2 RE A |
b, [k o DL & H OB A& o il 7E 282, 68 ~
394.42 mmol/(m* « d).,9.95~13.88 g/(m* « d) Hl
7.24~10.1 g/(m? « d),3 MHEHR 3 LUk 46 f =
MG AR . 7 b B A Y B A7 et 1o FR ¥ ] £ 5 11 i

U H B A &5 #E 213,95 ~ 410. 2 mmol/
(m?” » d).7.53~14.44g/(m* » D F1 5.48~10.50 g/
(m® « )3 M ERH LR R m . sk, Ir
AR AR S B A By B Ay e T AR ) Ak R A %
BE & OF ¥ 4 B 78 255. 79 ~ 331.83 mmol/
(m* +d).9.00 ~11.68 g/(m* « d) fl 6.55 ~
8.49 g/(m” « &), K/NEF ¥ h . BEAR > T K>
K,

3 MNiXEYRERCMHERNBS2RELENHERKRRESE
Tab.3 Daily net assimilation, carbon fixation and oxygen

release capabilities of per unit leaf area for each plant species

Mty SppLEBLE R R B/ BEE/
4R mmol * m™® «d?  gem? «d’! gem? «d?!
itz 108.41+3.23 3.8240.11 2.78+0.08
P H 405.174+13.89 14.2640.49 10.3740.36
Mg 90.284£9.57 3.1840.34 2.3140.24
L] 282.68+11.53 9.9540.41 7.247+0.30
Hu Bk 1E 394.42+30.21 13.88+1.06 10.104+0.77
B 303.71415.16 10.6940.53 7.7740.39
P 287.664-38.81 10.134:1.37 7.36240.99
EFR 213.95+8.29 7.53+0.29 5.484+0.21
G H 328.56+4.59 11.57+0.16 8.4140.12
KM 323.63+8.53 11.3940.30 8.2840.22
iR 410.20411.38 14.4440.40 10.5040.29
i) 406.63433.51 14.31+1.18 10.4140.86
B 352.17+7.65 12.40+0.27 9.024+0.20
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M4 2% 2 3% 3 A Y it i AR S R R H T ik
L O FNC6) T 43 45 ) 13 FiAE ) 5 - b
AR H [ B i DL R B AR i (3R 4) . Wk 4 A,
3 TR A BRA 4 Hib TR A HE gk et LA SRR R 43 )
16 10.69 ~ 64.46 g/(m® « d) Fl 7.77 ~ 46.88 g/
(m” » d),2 38 B8 2 LUAT 0 350 & L bt A2 B ik
3 Fh A B A b T AR HOE A DA R R R ) )
16 17.21 ~65.47 g/(m® « d) Fl 12.52 ~47.62 g/
(m® « )2 NHE0s 1 DA e A B AR, 7 Fb
S AE ) A A b TR Y H R s e DL R R AR 3 )
TE 6.15~57.51 g/(m® « d) Fl 4.48 ~41.83 g/
(m* « 2 MY LA R AR, TR,
THE A B FEAS A ) B A b R e B R AR 0 )
26.21 ~35.15 g/(m® « d) fl 19.07 ~ 25.57 g/
(m’* « ) KMETF R EARSTTARSRAK,

2 I T RS 550 5 M A A A e T R T sk R
S5 LA b T AR AR R A W s .
AT I A7 - T RRL [ e 5t R0 R S i AR R 2
e (R 3.8k 9.95 g/(m? « d) FI7.24 g/
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(m® + d) fEH 18T BUAE O L 6,58 O L
ot (] kR A A e (5R 4D 5 T M Bk A Y A6
I TR LT g B R S R AR R e, o0 0 O 13,88 g/
(m* + d)M10.10 g/(m® « ), (B H o 1 £ 45 % ks
0 AR 1.88 e AR A37 - 3 1T B[] AR A At A O
. DAL A0 e [T i R AU RE T AN A 52 1 R A vl
T AL ) I W8 S 32 1) 52 W) 38 52 324 ol i T R
8B 52 0 CIKHE I A5 L 2013 5 B 55, 2017)

x4 NAEVECIHERNBABRRESRE
Tab.4  Daily carbon fixation and oxygen release capabilities

of per unit land area for each plant species

[ il i/ R/

T W) 24 Tk ‘
gem? «d’! gem? «d’!
A2 10.6940.32 7.7740.23
i 64.46+2.21 46.88+1.61
it 1 13.8941.47 10.1041.07
S il 65.47+2.67 47.6241.94
Ho Bk AE 26.10+2.00 18.9841.45
E] 17.2140.86 12.524-0.62
P 57.5147.76 41.8345.64
SRR 14.7640.57 10.7440.42
& H 28.6840.40 20.86+0.29
KR 9.0040.24 6.5540.17
L 11.8440.33 8.61+0.24
B 6.15+0.51 4.48+0.37
e 55.54+1.21 40.3940.88

EP'MZ-‘ (a)fF K 4ﬁﬂ-| (b WEA

25 MiXEYEmRBREEENESR

FIH IBM SPSS Statistics 22.0 5348 84,
ff | Word Method & 253 J5 fllik , XF 16 Ff il 328 4
Py rp it AR H O e B AR B AT RIS A HT L A5 R DL
K2, I 2 AT, 3 ol A A A SRS - T B ] sk B 4
RE 13 WL 2, A M0 R — S, FL I wk i O 14.26 g/
(m? « ) BEE N 10.37 g/(m? « ;P ILE MF
T, HE RN 3.18~3.82 g/(m? « ) BE =
H2.31~2.78 g/(m* « d), 3 FhiE A Y 247 0 1 AR
I#6] Bl R S RE 0 4 L S Bk AE Ol — 2 L i B
13.88 g/(m* « ), B & N10.1 g/(m* « d); 413 |
FN G HBE R E N 9.95~10.69 g/(m® « ), B
EER 7.24~7.77g/(m? « d), 7 P B A i B it
T R ke PR 4ECRE T A L = ) AR R RO — 2
HE A 14.31~14.44 g/(m® « ), BAE N
10. 41~10.50 g/(m* « d) s & H . RARAE &2 25 3
ol g HE RN 10,13 ~ 12.40 g/(m* + d),
BREHE N 7.36 ~ 9.02 g/(m® « s T =4, H
6k B S 7.53 g/(m* « d), BB & N 5.48 g/
(m?«d),

X 13 i oA 0 B o7 - M AR E AR AR
HEAT R A5 IR 3, 3 Fh AR AR B B 4 b T
TR il g S0 RE T 43 1 0, AT A0 O — &%, L fle it
H64.46 g/(m* « BTN 46.88 g/(m” + )
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Fig.2 Cluster analysis of the 13 plant species based on carbon fixation and oxygen release capabilities per unit leaf area
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Fig.3  Cluster analysis of the 13 plant species based on the carbon fixation and oxygen release capabilities per unit land area
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Wl AZ R AR R g, HLE B R 10, 69~13.89 g/
(m? « . BHEEN7.77~10.10 g/(m* « &), 3 Fh
TRE R 1 BRLASE - b T R T e B R RE T 3 1 L R
H—, HFE RN 65.47 g/(m* « ). BRERN
47.62 g/(m” « d); WMk AL . 5 o — 9, I [ e i R
17.21 ~26.10 g/(m? « d), BEA & N 12.52 ~
18.98 g/(m” « d), 7 BB A (1 A 037 4 Hby [F AR & A
FEAERE D o0 P G0, P 35 B3 — 9, L [ il oy
55.54 ~57.51 g/(m* « d), B4 & 4 40.39 ~
41.83 g/(m’ « ) & H H = 9, H [ ik & K
28.68 g/(m’” » &), BEHE N 20.86 g/(m” « d); KR
M BB B S L et O =g, H [ 6. 15
~14.76 g/(m* + ), B H i H 4.48 ~ 10.74 g/
(m*«d),

3 it

3.1 MikEYE S ERM A TR

H A AS 7] 2% 35 06 A [A] X 3, S [A) 30 58 Al 40 1Y)
ik B AL BE ) & & HEAT T K B 5 0 5 B AR,
2011; REMMIHISE,2014; X HHESE, 20165 HPKE S,
2016) . AHFFTE X B BT = ok 15 X1 7% 47 F ) [ B
B BE RIS A, S B T R X VR AR S B A
(e B L S VR T =N R N S R S 1B 9V € S (2 R E
(R 13 Folr IR AR 49y L T e Ao R0 R 7 2R A7 000 A 4
i F 25 R B — @ R 2E N N . SRk
F AR A 3R H AR (b 2 B S [R) B L B
FORMRL 15 R H 4 R BCAR Y A R
9 b b3 P B AR SR B AR LT TR T R R
B S X EEE (2016) B WFFE 45 9 — 8, XN
SR H RIS 6 DR 4 SR AR A A R R A oK
FHAE D, ot G sl S AR L /1 )R 5 AR 4 i T )
FIAH R BHAE 78 2, i G A 3 B B S e
FoHOG A BREE

BREE TS BN LA AR B 0 O A R H
7S Ak 18 3R L Dy WU ittt 4L A AE BT B O6 G R AR B
SO EH TR REL SR ERRET
R o 3 L I 20 B T RO T AR R A P K 4y o
7, DR AP P /N SCFL R K BE L R 28 DG B, DT 5 i) 3]
M XF CO, HW I B0l e & 3R R B (X 5
AE,2011; WM. 2017) , ARBFITIAHN 51 X Rl Bl
G0 3 B IR =k R X R A O L R T IR R
P58 R 5 08 AL 23 5 P SOG4 Bl 2
WA A E YRE 2 B E T B X 5 ARk B A
(2016) , FIFHZE 2017 AR 45 R —5., FT—#

5K R St A AR T [l g SR8 N 5 A 5 i) B 3R
Z IR 56 ZR 5 RN S [l A 90 100 0 B R H AR (b 1Y)
W B (AN T] S 156 13 AR ARLA 1 56 & 1 FEGE B 4R 36
355 DR g o 1 B — o 1Y 22
3.2 MEKEY S B R N HHE
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Carbon Fixation and Oxygen Release Capabilities of Common Plants in the

Water-level-fluctuation Zone of Three Gorges Reservoir
FENG Jing-hong. LIU De-fu, WU Geng-hua, LIU Yu, QIN Dong-xu, WANG Ke-jian, LIU Ying

(School of Civil Engineering, Architecture and Environment, Hubei University of Technology,
Key Laboratory of Ecological Remediation of Lakes & Rivers and Algal Utilization
of Hubei Province, Wuhan 430068,P.R.China)

Abstract; Carbon fixation and oxygen release (CFOR) are important ecological services provided by plants.
In order to mitigate the environmental impacts resulting from dam construction, it is necessary to investi-
gate the CFOR capabilities of plants in the water-level-fluctuation zone of reservoirs. In this study, we ana-
lyzed the CFOR capacity of 13 common plant species inhabiting the water-level-fluctuation zone of Three
Gorges Reservoir by measuring the net photosynthetic rate and leaf area index of each species. The CFOR
capacity of the different plant species were then ranked based on the results. The 13 species tested include
three trees, three shrubs and seven herbs, distributed at elevations of 155 m, 165 m and 175 m in the fluc-
tuation zone. The investigation was carried out in July, 2017, from the Kaizhou district to the Wanzhou
district of Three Gorges Reservoir. The range of net photosynthetic rates among the 13 species was 2.36 —
11.11 pmol/(m* « s). The diurnal curves of net photosynthesis rate for Morus alba s Miscanthus sinensis
and Polygonum hydropiper displayed one-peak., while the curves for Taxodium ‘Zhongshanshan’, Salix
sp.» Citrus reticulata » Vitex negundo var. cannabi folia s Urena lobata s Xanthium sibiricum , Phragmites
australis , Bidens frondosa , Bidens pilosa and Aeschynomene indica displayed two-peaks. The range of
leaf area indices was 0.43 — 6.58 and followed the order, trees™>shrubs™>herbs. The ranges of daily net as-
similation rate, carbon fixation and oxygen release capabilities per unit leaf area were, respectively, 90.28
~410.20 mmol/(m? « d), 3.18 — 14,44 g/(m?* « d) and 2.31 — 10.50 g/(m?* « d). The daily carbon fixation
and oxygen release capabilities per unit land area were 6.15 —65.47 g/(m* * d) and 4.48 —47.62 g/(m?* « d).
Cluster analysis shows that the three trees and three shrubs fell into two groups by CFOR capabilities per
unit leaf area and the seven herbs fell into three groups. The trees, shrubs and herbs all divided into two
levels according to their CFOR capabilities per unit land area. The species with the highest carbon fixation
and oxygen release capabilities were Salix (tree), Virexnegundo var. cannabifolia and Urenalobata
(shrubs), and Phragmites australis, Polygonum hydropiper and Bidens pilosa (herbs). For ecological
restoration projects along the shoreline of Three Gorges Reservoir, we suggest a complex arbor-shrub-herb
pattern, based on CFOR abilities, which will enhance CFOR by the system and improve the eco-environ-
mental services provided by the reservoir area. This study provides a reference for selecting plants and e-
valuating the benefits of ecological restoration projects in the water-level-fluctuation zone of Three Gorges
Reservoir.

Key words: carbon fixation and oxygen release (CFOR); water-level-fluctuation zone; adaptable plants;

ecological restoration; Three Gorges Reservoir



