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Features of leaf photosynthesis and leaf nutrient traits in reservoir riparian region

of Three Gorges Reservoir, China

JIE Shenglin' >, FAN Dayong' ,XIE Zonggiang'' * ,ZHANG Xiangying" >, XIONG Gaoming'
1 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Since 2007, the unique anthropogenic hydrological regime of the Three Gorges Dam has had significant negative
impacts on the reservoir riparian ecosystem. These include changes in the local climate pattern, habitat fragmentation,
generation of methane gas, loss of biodiversity, and inundation of cities and highly productive agricultural land. The
functional traits of plants in a particular area can reflect the eco-physiological processes that are specific to that
environment, and can serve as crucial indicators of the structure and function of the local ecosystem. These functional traits
play a key role in adaptation to anti-seasonal flooding, and might reveal clues about the adaptation mechanisms of plants in
this area. Therefore, two years after the formation of the reservoir riparian region in the Three Gorges Area, we investigated
six leaf functional traits of 42 species growing in the the reservoir riparian region in 2009. As a reference, we also
investigated these functional traits in 33 species in an upland non-flooding belt, to determine variations in physiological

processes associated with anti-seasonal flooding. The six leaf functional traits were leaf mass per area ( LMA), maximum
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net photosynthesis rate (A, ), leaf stomata conductance ( Gs), leaf nitrogen content per mass (N __ ), leaf phosphorus

max mass

content per mass (P ) and leaf potassium content per mass (K, . ). A standardized major axis analysis method was used

to determine the relationships among these traits. We compared these results with data in the global plant trait network to
determine how the leaf traits relationships for plants in the the reservoir riparian region compare with those in the worldwide
leaf spectrum. For species that coexist in the reservoir riparian region and non-flooding belt, we used paired-sample T-tests
to compare differences in leaf functional traits between the two areas, to determine which physiological processes are
important for growth in the the reservoir riparian region environment. The results showed that: 1) although there were slight
differences in the standardized major axis slopes/elevation of some paired traits, there were similar patterns of leaf
functional trait relationships between the reservoir riparian region and the global plant trait network, indicating convergence

N

P and K of the reservoir riparian region

mass ¥ mass

of leaf traits in the the reservoir riparian region ecosystem. 2) A, N_

species were significantly higher than their corresponding values in the global plant trait network, but the LMAs of the
reservoir riparian region species were statistically lower than LMA values in the global plant trait network. The traits of the
reservoir riparian region species were constrained to the lower-investment and faster-return end of the global leaf spectrum,
and were consistent with typical fast-growing species. 3) When the 33 species common to both the reservoir riparian region
and non-flooding belt were compared, we found that those in the the reservoir riparian region showed significantly higher

A The results of the present study suggest that enhanced photosynthetic capacity is one of the key physiological strategies

for growth in the the reservoir riparian region environment. However, there are many uncertainties that remain after this
study, because the the reservoir riparian region area is only two years old and plants are likely to be in the response or
acclimation stages rather than the adaptation stage. Therefore, long-term investigations and observations should be continued

in this area to identify and monitor adaptive changes in plant species.

Key Words: Reservoir riparian region; leaf functional traits; convergence of leaf trait relationships; standardized major

axis analysis method
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(leaf nitrogen per mass, N, ) A7 H M & B & (leaf phosphorus per mass, P ) fE2l 4Bk« it 4 55 AU
135( leaf economics spectrum) 7 E@ﬁﬁ&‘ﬂ"@’[ﬁ“” o It AR RE AR AR A \Ijjﬁgﬂ fE%ﬁ?@*ﬁ%
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PR E R G R ERREE A — 30 B0 4 2 A 5 e SR A A - o T RE MR G R 9T R B, v JE AR A B
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BT B AW =W EIEIE TR N 2 a J5 , BEIUAE K AE = WK RIS V& A5 1Y 42 FiE ), e T
HARKI R IIRERRAEFR , 00T TENIZ RIS R . I, X G T = WK R TE P& 7 H A i Dtk 5
LSRRI R PEIR 45 T (global plant trait network ) Z A (22 5 0 BE Ak, b = I 7K 2 514 74 47 AN BT (I3
175—180 m, RZ P /K ) A 1) 33 FED I B Dy REMRIEAT T 806 Jr 26556, HIZET . (1) #1254
UK R T TR R R G B | I BH K R TS VR A R R D RE MR I ARRAE 5 (2) BRI AR e R I S
KSR, PRIV A e D RE R (B 9 5C 2R 5 @ BRRUEE T I D BB IR 22 18] 56 R 02 75 LA K7™ A fu] Fol
2255 (3) Gond 2a REEVHEK THVE ALY 7 DI REHRARRIE 5 A M K 0] RS 2B T WP L AR £k 2
1 #RFFE
1.1 SEgukeHh F AR

SEYGRE LA T PR B UL, R B A =k FE X, 47 T 107°32742"—108°14700" E, 30°03’
03"—30°35'35"N"*" | J& BE W W A0 45 7 2 XU DX, 2 WA AR R 2R UK L LS, 24 =10 C AR R 5787
°C,AEHR 18,2 °C, oA 341 d, HIBAEL 1327.5 h, H B8R 299% | K BHEARSTAE 83. 7x4. 18 kJ/cm®  4EFE R
1200 mm , AHXTREE 80% , FEHiL 2 57 1086 ALK, S RIAGE 4. Shm® (K 450 m, 58 100 m) . 1745 B X
SESE R AT A, N 2 T 22 30 m,
1.2 SCRWRp ks S A TE IR Ay

P 7 S0 s AN [ A R R, La P9I 32 /K I IS [R) AN ] (155—165 m K #4200 d;175—180
m XTI TCIE A2 K ) KRR AR ) A A DX R 43R T Y% HT (reservoir riparian region, ¥R 155—165 m) FlIXT
B84H7 (non-flooding belt , 4% 175—180 m) , 43 FEA T4 M F DO REMRFEFR AT 2 . Py i B 158 455 ) S R 9 B s
P FE DTS LSRR, 7RV 155—165 m [ V&1 AR N 175—180 m (X HE Ay 43 S5, e Hp i V& i
HEY 42 B, X RGP RE Y 33 Fh AR 33 BRI T 22 BE, Sk 4 FARIS AL TR S B R 7 Bl 1 AR RO
14 PRI ZAEAE R 16 B, BTN R 24 5 L3R 1,
1.3 AL AR REO A E R (A, ) LI F AL (Gs) B9 AE

i T 2009 4E KT R EBOK ZE 5 H FAAIEZE 155 m DUF, B HE 2009 4E 8 H—9 H X Srub A i B A
YA E R E BT LI-6400 E#EOEEAEH RS (LI-COR, Inc, USA ) A& M Y e K ¥ G A 3R 38
(Ape) o MZERT TH & XIHA3 4 155 m F1 165 m AR, X BUHE X8 48 175 m F1 180 m PR/ MEK , R4
TR BRI ERE 3 MR ST AR AR , RERRIEI 3 1 58 87 I IF BB AR AZ A 0 i Vil e % e,
AW 155 165 m BHE-F-HEICF ML TSN 175 180 m B S48 1T 57 S % BRAR ( VAR 7 5 4
YR ZA 6 NEE ), WE R IR, 2 S8R 25 E A 0.5 L/min, MR HITE 28
CLA, 2 SAMIHREEHITE 50% —70% , CO, ¥ 380—390 wmol/mol , g 1 M 2 {0 149 VA , 3000 7 i ) 4 32
TERSMEHANY 8:30—11:30 HEAT, Ayt o TR s [W]— 0 B 01 2 S R, T sl A Pl P 21 8D
SR EERI 1200 pmol s™'m™> . WS, SEXt it B TR A5 S, i AL G R E 5 AR 1 min i85 1 4>
{8, ESEE SR 3 UG IAE A, FIFIEE, Gs Bt i A5
1.4 HrFER (LMA) (g

AR 5 fie RV e B B R AR Y R 10—15 g B IF A R 1 28 A [ 148 A=,
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CanonDS00 FHH {34 L TH1 2%, 38 FHI BT £ (WinRHIZO, /4R 40T 3R 40) 15 R i
S SR I I AR 75 65 CCAPE T k48 b B, g TR, R (LMA) E X b
T S B (/)

®1 THRANMFET

Table 1 The experimental species list

Ykh B4 AT B AR X3,
Speices Family name Growth form Growth area
J\FIM Alangium chinensis Alangiaceae EiN YRR W
IR Perilla frutescens Lamiaceae — AR A YRR W
9% Solanum lyratum Solanaceae EA o VN R YR
& H- Xanthium sibiricum Asteraceae — AR YRR YR
18 Y Rubus coreamus Rosaceae HEAR XTHEAHT  THYEHT
7211 Plantago psyllium Plantaginaceae EAwN XA JHVE
WAL Ficus tikoua Moraceae ZAEAE R PR THYE
Wz Pterocarya stenoptera Juglandaceae AR IR VR
FLARIA Polygonum perfoliatum Polygonaceae —AEE R THYE

W JEEL Setaria viridis Poaceae — AR AR R VR
TR Cynodon dactylon Poaceae ZARE R X T
FMS Broussonetia papyrifera Moraceae EIN R TV
T Vitex negundo Verbenaceae AR YRR W
AR Sambucus williamsii Caprifoliaceae N XHREH W
BB Ajuga ciliata Lamiaceae ZARE R THVE T
JLHL Arthraxon hipidus Poaceae — AR A XHEEHY YR
B34 IK Rostellularia procumbens Acanthaceae ZAR L HAR XTEERY THYEW
W Melia azedarach Meliaceae EiN XERRHE VR
WiIF Salix matsudana Salicaceae A XTHRAT YR
JE%E Solanum nigrum Solanaceae — AR NEk - its
LEMEET Hemarthria altissima Poaceae ZARERIAR YRR W
£ Achyranthes aspera Amaranthaceae ZARERIAR XHEEH W
A 2 Ampelopsis delavayana Vitaceae HEAR R VR
Y% Bidens bipinnata Faraceae — AR AR XA TV
& Morus alba Moraceae HEAR YRR YR
TibE Phytolacca acinosa Phytolaccaceae ZAEAE R THYE
KA Alternanthera philoxeroides Amaranthaceae —AEA R YR YR
A Physalis alkekengi Solanaceae EACY: VN WK
BRFLZE Acalypha australis Euphorbiaceae — AR A R THYEA
+ T Chenopodium ambrosioides Chenopodiaceae EAG N VN IR
1=X5i¢ 5] Cayratia japonica Vitaceae EA: VN R TR
X ZH Lagopsis marrubiastrum Lamiaceae ZARIERIR THVE
/INKSE Erigeron acris Asteraceae BRI YRR W
HHEL Nicotiana taracum Solanaceae — AR AR XTRRHE VR
Bk Carpesium cernuum Asteraceae EAGE: N W/N XTERHE VR
B934 Dendranthema indicum Asteraceae ZAEE R XEER  THYEW
WP Amaranthus lividus Amaranthaceae — AR RR XERRHE VR
—4E5% Erigeron annuus Asteraceae — AR RR XHHRHE VR
25 FEEL Leonurus artimisia Lamiaceae — AR TH &7
54T Microstegium vimineum var. imberbe Poaceae —ARA A YRR W
MR Boehmeria nivea Urticaceae HEAR YRR W
LT Wisteria sinensis Faraceae HEAR M
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15 RN, ) AP, ) ABI(K, ) Akl

BET B R RE S BB AR ] RS s AT R B SR T R I E . MR e R LS RUE I E
S E R AR B L RN , 28 & B R R O MR E o N P Ko 7 SR A E B R
2R W 28 & & ; PNUE ( Photosynthesis nitrogen utilization efficiency ) 2 LN A, /N, ., BIEA R EFIH
0% ; PPUE ( Photosynthesis phosphorus utilization efficiency) & X A A, /P, ., BICEBEZRFIFHRCR,

1.6 Hdi o dr 5 b 2

TSN A IS D BE PR B TS A N SRR K (B R R A SRS, SRS DL RSP S8 7547 LA
10 RS A B0 | DA It b A B HE A I IR Z I 56 R T 2 R B G R I S B R R
HEAL 4 Al 31 ( Standardized Major Axis Estimation, SMA) 775, 14 (S) MATR Version 2. 0 358 i it
(http ://www. bio. mq. edu. au/ecology/SMATR) " | AN FATESIH T GLOPNET! rhi- iR B dh | 5 3R A1)
TEAE D LIRS (0 B0 AT X LG, DA S 30 AR A5 A Bicdh 2 75 -5 4 3k RUBE PR OG 28 AT AH AL A% SRy (BRodle o
T Wright Z57E 2004 4% 2 7E nature | ) SCE ( The worldwide leaf economic spectrum ) B IS &, hitp ;. //
www. nature. com/nature/ journal/v428/n6985/ suppinfo/nature02403. himl) ,

B MPRIRTET T 0 A A A BR R 3 A b iS4 (8 22 S M 20 iz SPSS13. 0 Ge i 44, (SPSS
13.0 for Windows ) HHJH N ZR 5 22 70 M7 ( One-Way ANOVA) 58 L, 1H 4 A IR 22 18] 33 A~ A4H [R] ) 4%
IR 2z ] 3490 2 Sk T BN T A 30k 58 B
2 XLRWER
2.1 Y& SRR IR A R

PIMES I 7% & R PR 4> 5 . LMA 44.51 ¢/m> A 0.41 nmol g' s™', N__3.31%,P__
0.30% , 5 I ARXS 7 A 43k RBE B 43 31 127,70 ¢/m?, 0.13 nmol g ™' s™", 1.94% H10.11% (%£2), 7%
WA, B = TR RE R H4KF-(P<0.05) , T LMA 358 T 5 28k RUE 892 KF (P<0.05) . X
F N, \P.... PNUE 5 PPUE, JH7& HIH I A0 5 35 5 T BRI (P<0.05) (£ 3)

R2 HEWSLKRET HERSELR

Table 2 Leaf traits in the reservoir riparian region in comparison with the global plant trait network!!”’

. o 4745 the reservoir riparian region LFRRJE the global plant trait network
Leaf trait Growth Form W&k FEE Frifeist LN SFEE FrifEist
n Mean SE n Mean SE
FEIFEE (g/m?) 2 42 44.51a 1.77 2371 127.70b 2.43
LMA KA 30 42.25a 0.75 633 69.81b 0.01
I REEEHER/ (pmol g™' s71) e 42 0.41a 0.03 770 0.13b 0.00
Apass AR 30 0.43a 0.03 178 0.24b 0.03
B PR S (mg/g) 23 42 3.31a 0.13 2061 1.94b 0.02
N L¥N 30 3.31a 0.12 474 2.64b 0.01
SeAERAEZFAMR (pmol g7' s71) 4 42 0.13a 0.01 712 0.06b 0.00
Anass” Ninass HAR 30 0.13a 0.01 176 0.73b 0.04
B B (my/g) 4 42 0.30a 0.01 752 0.11b 0.00
P s FAR 30 0.32a 0.09 16 0.08b 0.02
A BEEFHBCE/ (pmol g™' s71) ol 42 1.44a 0.10 204 1.06b 0.05
Aass” P inass AR 30 1.41a 0.09 7 0.78b 0.14
YA KRR % A,/ Cs N 42 0.05a 0.01 498 0.05a 0.00

a,b FRBME B EM 225 (P<0.05)

2.2 JH¥AT S IR A R R PRIR (B FEER
B AT 5 00 B 1 33 AN LA PR EAT LRGN, e AL S i R PR BB NI 22 57, TV AR
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BA, ., N, P F K #B8m Xy, R B W50, (PESH N P=0.029,P=0.
015,P<0.0001,P=0.018) (& 1) ,ifii LMA .PNUE .PPUE \WUE LI & Gs #8 B E 25 (P>0.05) (K 1),

*3 HERSEKREUREAKRHOHERXREEER
Table 3 Comparison of mass based bivariate relationships between the leaf traits between the global plant trait network and the reservoir

riparian region

logLMA logA logN,,ues logP .. logK,,,s
HEM L/ (g/m?) ERRBE -0.75 -1.28 -0.82 none
logLMA /(g/m?) THIE -0.58 -0.83
SR & APk R R =0.50 1.72 1.03 —
logA,,,../ (pmol g™ s7") - P<0.0001
- R*=0.35
b 1.73 1.43
e P<0.0001
B I A A 2 2 -
T R SRR R =0.57 R”=0.53 0.66 o
logN,,,.../ (mg/g) P<0.0001 P<0.0001
N R*=0.21
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