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Abstract

Aims Phragmites australis marshes in Tianjin play an important role in ecosystem functioning. Wetlands of
Tianjin municipality have been suffering from serious nitrogen loading, salinization and water shortage. The foliar
stable carbon isotope ratio (5*3C) is a good parameter which records environmental change information associated
with the plant growth process, and reflects physiological and ecological responses of plants to environment
changes. The objective of this study is to investigate the effects of environment stress on the leaf 6°C of P. aus-
tralis in marsh wetlands in Tianjin municipality.

Methods This study was conducted in Qilihai, Beidagang, and Dahuangpu marsh wetlands. We investigated the
foliar 6°C of P. australis and sediment properties, and evaluated the relationships between the foliar 5*3C and
sediment environmental factors.

Important findings 1) Foliar 6**C ranged from -26.3%o to —23.6%o, with an average value of —25.8%o. 2) Sedi-
ment water and nitrogen status were the important factors affecting reed foliar 6°C. Foliar 4**C was negatively
correlated to sediment relative water content, and positively correlated to sediment total nitrogen and available
nitrogen content. In contrast, foliar 5"3C was not significantly correlated to sediment salinity and phosphorus con-
tent. 3) Leaf 6°C were significantly positively correlated with leaf nitrogen content, and negatively correlated
with leaf carbon and nitrogen ratio across all site. However, these relationships were not detected due to the wet-
land drainage at Qilihai site in August. Wetland drainage changed the plant water and nitrogen balance, and fur-
ther affected water and nitrogen utilization strategies of P. australis. Moreover, wetland drainage had stronger
effects on these processes than nitrogen loading and salinization.

A H WiReceived: 2015-05-27  £:%% H }iAccepted: 2015-10-04
* J@NfF# Author for correspondence (E-mail: wangzhongliang@vip.skleg.cn)



WRIESE: R TH R ™ 365 1 BOBRAS E R A 3R BB 0 AR S A BT [ 3R 1045

Key words stable carbon isotope ratio, nitrogen, salinity, wetland drainage, Phragmites australis

Citation: Chen Q, Wang YD, Guo CC, Wang ZL (2015). Foliar stable carbon isotope ratios of Phragmites australis and the relevant
environmental factors in marsh wetlands in Tianjin. Chinese Journal of Plant Ecology, 39, 1044-1052. doi: 10.17521/cjpe.

2015.0101

MR AV AAE AR AT I E ST,
MR S RAAER LB EERE . [,
- R R 5% S N ) i BB R B, R FREN A
AT RAFHA TR I FE SR DL FEY i Fdsd
HAERE & KA HICOA R E S AWML R,
TR SE W i P CO A A i Rl i 2 (BC AT C) 1
CoE Y 1B [RI A2 28 23 18 5 v v I ) C O B2 R R
COLM B (1 LLAE (C/Co) B A B I AR IEAH G OR R,
MCICZ ARSI FE R, Fit, Y
{1 e 5 Tk [7 o7 35 4L B (B B 2 TR % EABL (0°C)) 5
TP 75 10 55 AR 3 1o F A 25 D) 1) 2% & (Farquihar
et al., 1989). HEMIBR AL R D IEME T 5% B G 8t4E [N
A, EZFNINFIAEDRGL, WKy 775
B RE . RS RIS (Cernusak et al., 2013). [A]
Uk, HP0CCRENS T T S A Ko FEAR R —
RUNAEANHIE R, 7T HE AR iR~ S
K, WIS AR A R AR A R X IR B AR AL
M) IS PP 7 (1 B X 2, 2014)

Y F R R A 70% L E 45T 1,5- R
FR A0S AL (Rubisco) 5 5 ik [F) 44 AH 5% IR i 2 2k

, REARE A ( G ad F8 DA K Iy ok [ 251 201
(CHBHLEE A B &1, 2007; Zhang et al., 2015). I}
REASE DU A& stE, H
18 %55k 2 A 2 Ll T AR AE R 4 () K I S 3 R A%
(B/INZ2%, 2012). TR o Crl LA B AR H
B4 vz b S FE A A 420 1D K 3 K o R 3k
(Farquhar et al., 1989; #4445 2009). [K, #F5T

WA o e S R R A A AR AL LR,

T HAEMII A KPR B B IR SR s A
HEF G E, CHEYH R A S & SEYH A
5CIH 2 IFAH 5555 £ (Cernusak et al., 2013), 5%
bl (K A 03 R 0% 2 [ A7 7E 57 A 9% 5% & (Gong
et al.,, 2011), {H2& % Pt #2352 B EE H F 5 Z1 T
#(Sheng et al., 2011). HAj, KEZFHEXHE, K
My RESEES REMEYRFEN =T T 205
(Gong et al., 2011; JE/N=%, 2012), T = iEith
(RIRITF 5 fF LR 1

REEFT B RERH X A Z RO E
(R I X, 972 2R SV 8K ) I i & 34 1 o 48 2 3
(Barter et al., 2001) , fE4ERFAEM NS T IR &
HAAESREATBERMEN . A JLH4K,
BEE N TN TR R AN RAGERA, Kk
BETA KRR, DAAOK BRI = O S A
FI7K IR ES IA) f (25 2245, 2010; Wu et al., 2011; Xue et
al., 2014), EEFmRERHAESRSR, A EH
AEEHOBL I R RN . B AT, REKERE T
AT FRRAR R 75 26 Y A A A B AR 28 ) 52 i 6 D
o TR 2 0" C I 2 A R
ot KA R R 2=, A8 T B 9 a5 % )
R SR b (PR A AR A S AL, R B
YR B A 0 LR 2, R T B AR R A SRR T
IRALEE A RN EERIE S 2 .

1 #rRFnEE

1.1 RIEHEHEER

T 98 XA R K 3 B8 L dE R HEFI G B ifg
H AR PR3 X1 26 v T (1) o R X Hb
FRf7 #116.42°-118.03° E, 38.33°-40.14° N, “Fi4is
W ERNA me ZRImEDNHE, JBAKEE L, HhAbVE -
BRI R, B FEE fR . T
RiR12-13 °C, fEPE/KED22-663 mm, EHEKEN
1640 mm (FEZEFMHEGE, 2011). KIEEEHEH R
{97 X BT 2060 km (K1), HhSHEA AR b
U, 2P E A6 77 o X R a6 b 35 AR A7 5 0 1) S 8
PR L RHETE H AR O IX BE i T £ 24
km (K1), B AR R ICFIRE 4R, 2
H A R T R e F AR R X . L B iR R
P IXER IS 238 km (1), & B2tk
HHR T FEIR B R ORAETZ —, JE s IR KB
MR, R RE R S E R B AR R IX . 3tk
Tt T B I AN R, TR R B R Y R R R R
(15 /NTFEE, 2014). 75 26 & 3HGB M IR S5 P, AR
N FEREIT90%, 20134F5 A, 3K, K
REEZ)20 em; 8, L HEEH L0, BA#

doi: 10.17521/cjpe.2015.0101



1046 fEYA= A5 2% Chinese Journal of Plant Ecology 2015, 39 (11): 1044-1052

117.00° E 117.50° E 118.00° E
N
40.00° N | A 1 40.00° N
{

KB IR R X
39.50°N | Dahuangpu Najure Reserve 13050° N
39.00°N | 1 39.00°N

4 L

1/ e —— )

38.50°N L . 0 10 20 30 40 ]15s5p°N

117.00° E 117.50° E 118.00° E

El REHEH H R R X A0
Fig. 1 Distribution of wetland natural reserves in Tianjin.
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Table 1 Sediment basic properties in 0-25 cm soil layers in three marsh
wetlands in Tianjin in August (mean + SE)

QLR JeK s KRR

Qilihai Beidagang Dahuangpu
pHE pH value 879+0.06° 891+003" 8550.04°
A salinity (g-kg™) 6.36+0.38° 4.24+006° 276+0.17°
H1 52 Electrical 2384014 159+002° 1.02+0.07°

conductivity (ms-cm™)
AR K

Relative soil moisture (%)
RN G B M R] 22 573 2.3 (p < 0.05).

Different lowercase letters indicate significant differences among sites (p <
0.05).

69.90 + 2.25" 100.00 + 0.00° 100.00 + 0.00°
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1B A—25.8%0. 1%HIF 7045 S 5KAT TS 250" C Il
BONAIE, “F¥IME N-26.4% (F M, 2011); & T
HE = F I 2 6P CAE—27.7%0 (£ 30, 2012) . %%
SO REA TR AT 51, Han REEHLX
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Table 2  Leaf stable carbon isotope ratios (5*°C), leaf C, N content and C and N ratio of Phragmites australis in three marsh wetlands in Tianjin (mean * SE)

i1 Time FEH Site 5°°C (%) %L Cand N ratio A N content (%) Wi C content (%)

5H L Qilihai -25.26£0.12° 11.71£0.16° 3.99 +0.05° 46.73£0.22°

May Jbki# Beidagang -26.03+0.13° 13.44 £ 0.40° 3.41+0.12° 45.61+0.26"
K#¢4& Dahuangpu -2415+0.22° 11.64 £0.37° 405013 46.94 £ 0.08°

8A L HEi# Qilihai -25.43+0.12° 23.90 + 1.06* 2.00 +0.09° 47.42£0.34°

August bk Beidagang -26.17 £0.07° 22.54 +0.36° 2.06 £ 0.04° 46.43£0.12°
K#§4& Dahuangpu -25.79£0.12° 18.17 £ 0.41° 259 +0.06" 47.01+0.18%

ARG R R — I ) 3t 7] 22 53 12 2% (p < 0.05).

Different lowercase letters indicate significant differences among sites at same time (p < 0.05).
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BDG, At KHEVEAIRH; DHP, Kig&7EFIEH; QLH, LHEMEAEFRH. XS RgiH K3 (n = 15).

Fig. 2 Relationships between foliar stable carbon isotope ratios (6**C) of Phragmites australis and sediment relative water content
(A), salinity (B), available N (C) and total N (D) in marsh wetlands in Tianjin in August. BDG, Beidagang marsh wetlands; DHP,
Dahuangpu marsh wetlands; QLH, Qilihai marsh wetlands. Correlation results were presented in Table 3 (n = 15).

|3 SH M REIR BN I YRR ARE RO 5 HUAE (6%°C) 5 R U8 4% B 5 R 1 0 167 B A A0 W DA B At S5 434
Table 3 Simple and partial correlation analyses of foliar stable carbon isotope ratios (5'*C) of Phragmites australis and sediment characters in marsh wetlands
in Tianjin in August

AEXS & K = R HRA A TR JuN T
Relative soil moisture Salinity Auvailable N Total N Available P Total P
TR B ST r -0.719" 0.501 0.798™" 0.745™" 0.655™ 0.643"
Simple correlation Sig. 0.003 0.057 0.000 0.001 0.008 0.010
THIE 5T r -0.599" —0.507 0.646" 0.626" 0.264 0.118
Partial correlation Sig. 0.030 0.077 0.017 0.022 0.383 0.700

r, MR RAL Sig., 5 REME, fEp <0.050f BEAK, *** p<0.001; **, p<0.01; * p<0.05,
r, correlation coefficient; Sig., significant difference, correlations are significant at p < 0.05. ***, p <0.001; **, p < 0.01; *, p < 0.05.

FABUESE TIX— 8, P A OCCHIRE A A
MEREGEZEEFHNIEMRRAGKRS), 5 FHH
013 C 5 JR U 3R Al R A R A S A Ok

— R E, TR RS, YA R
PR, AT BRI COLMR BE (Ci) LAk, CilCLBRAR, HE4m:
Fr 163 CAE 14k (Domingues et al., 2010). A 5% 45
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FRARAF 53 AR H 4 F18 H 4 B 5. A, HFroBc 5
RS EHIARRLER: SHA, R?=0.379, p = 0.009; 87 17 %44
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Fig. 3 Relationships between leaf stable carbon isotope ratios
(6"°C) and leaf N content, leaf C and N ratio of Phragmites
australis in marsh wetlands in Tianjin. BDG, Beidagang marsh
wetlands; DHP, Dahuangpu marsh wetlands; QLH, Qilihai
marsh wetlands. The solid symbols indicated data points from
May, and the hollow ones indicated data points from August. A,
the relationship between leaf 5*3C and N content, May: R? =
0.379, p = 0.009; August: after removing the data points at
QLH, then R?= 0.628, p = 0.002. B, the relationship between
leaf 6°C and C and N ratio, May: R*= 0.329, p = 0.015; Au-
gust: after removing the data points at QLH, then R?= 0.611,
p =0.003.

R, RN RS TR AR A R AR =5
Fro®CAL M B R . Ko R o7 °C
ERA I X — EER T, KEFFEY Y A
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BRRE, e AR R K(Yang et al., 2014) . AHF
U, 8H M 5K HARIR AR LE, o B R b
VerEXT S K AN NT0%, L B g 0 AT e fdi P
FER AL EEARIECOREE N, Rtk
SCCHENIN. 87 4L E AR My 0 CE B3
T AE REE R B 68 (32 2), 10 3R b ™ =5 by | 350
e ZERAEECRRREIE). HaTgen R 2
1)-b BB T S B0 25 oK n, 40
TR P [ 5 2)-6 LRt B A B s A AR,
FIRE S BT WA o CE M n, SR, AR Tt
T, EEIE IR 7 EDE . XA IS R LR
IHEH, PrRe S8 B EAY) &R A K,
AP 22 AR . BREEAKD S8,
JEE A1 2 5 e VS U 1 XA B AR K B R, LB
T = AR W0 R W 67C B 3 B A Bk 4 S (S L,
2012), TR ERFE N T% T, TGV TEHE K I A2 A X
KB N60% 1) I, O RS AL S A
[B]COL MK & 238 2. T % (Yang et al., 2014), C/CfHAE
N, SPCEIE NN . BT AR AN 6Pl 5 2R
5 I3 2 1 IE A 2658 & (Choi et al., 2005; Winter et al.,
2005; Jiang et al., 2006) . SR 11 AT BF FEUE B, A5 2447
Pl 0 CHE 5 36 7% 1% A 553 P M1 2 (Gibberd et al.,
2002). AN[E4) A T HOGE ER B 0 P 7R & B PR AN ],
HOPCA 5 R (K156 R A7 AE 2 57 (Wei et al., 2008).
AT TR 20 0 CHE S R Ve S B
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(Hamerlynck et al., 2004). St K#EFHEL, B
REERHE P % RAR &SI A& 2. 5HM, ©
Hig M REEFEH AT ELRE & TILREEGER
2); 8HJE, RE-CHEEEHEE RS NIREA MR
(Kl2C), (H-LHlgH FEMH RS E M, BEAK
TR, FIbRMEZE AR #(K2). 8 H KL HIfE
WbV P RE A2 51 A28 H ™ M AU S & T I
FEEH. T2 FEBUEY G &N AR T
i (Sardans et al., 2008) tH#1IESE . — J71H, & 41T
BT DM R R MUE AR B 1) AR B R (VPR AT 55,
2007), MIfiHe s m= RIS . AT iEss, 8H
&, CHREBFEN RS ERR TR, HRHZEN
B BN = R K REAR) - 7 —J7 10, W&
BN ERT R TR R AT — M B, G EL
WA R RS ERK, TR R8T E
AR NS LS R B (Hamerlynck et al., 2004),
MR 7K 73 1] F 802 SR B 7K G ik 2 R FA B

it b, SALFEAMFR, &S e
TG A Z R, i 48 i N 4 COL M FE 1 LU B
(C/CREAR, MO CCRIE K. KEMFIEN, %
TR B AN S o Cl B IE M 56
% (Duursma & Marshall, 2006; Cernusak et al., 2013);
5T S B S A oCCE ok R A
AAMENE, AN ZF B3 IEAHIE(Zhang et
al., 2015), A BTN =3 255 1 5 KO8 &R
(Hultine & Marshall, 2000). AHfF7t45Hi: 5H 4> F18
A AR R ERIER), A HET A RER SR
5 oBCH B B E N IEHIEK R . 8-t HiE
R T RK A N EET A RERSES
SPCHIMIZEE . b BRI TIE S B0 R
BB RS, ER M oSCE B A M R BRI,
M, 3w TAERBAE R (R2). Zid T
A 3 22 36 B R ACIR LI 2 . 5K AL BEAH
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Eb, 793 A K AL B E A AL T T RE T (War-
ing & Maricle, 2012, 2013; Yang et al., 2014), /K%
PR BcEsE . BAN- B 20 A = PRI T R A P
FERCE RS NE, B HASLFEE T Be R P,
KACOA W BN Y N B FREZE1E, CilCai3E ik
BAARHENE, B, M oRCS & & R iEm
KRKAZZINEW . BRFMET, XK 5E
IR FH AR AR AEARAE B SR, B 9T 4R A
Frit107C (K 317K 20 1 R0 ) 55 B 5 L (K91
FHH ) 2 [AAEE AR &R, A E=K
I BRI 2 DR E R F B AN 1. %
PR AE B A AR A S R G AR 15 2158 1F (Gong - et
al., 2011; J&/Nz4E, 2012). FoA1HE R 25 in i
WFFEIESE T IX— Bk (HRFFE, 8 H L iR
TR T A KSR R T oRC H M RR A L
ARG R, B TR BT LA K
BOIRIF SRS . SR, MEKZRME T, RAE3PUR
B AN £ AR, 1 oRCIE S R R
BB E AR R B EM KK ROEHAMBH L
HIRHL) . REIHAK AT, KA R A A7
TFIRR L IE A BB TR T B IR KPR R
WAL, FREEDR T3 20 T3 S i A i 0C
HEM B EEME AR R, SR EYR
K BUBEIR R FH SRS AVE 7R 0 3 I AR ) R AL
fE¥A(Sheng et al., 2011). METIAETE TR, REH
SEEITAL N BRI 5 G A 10V NI
DASRE 7K 0BT IR R R FH SRS, 17 VR o
TR ) 52 vy T 3h FE AN AR AT MG

4 ZEip

AR, AT AR 1) REF
B H R A B 5P CTE-26.17%0— —24.15%02 7], -
PJ{H N-25.49%0; 2)JETE K5 IR LRI FEAR I A&
S R T M 2 ORI L T, TR
B S 5 T oRCIE R BB, 3)
IKEAET, PN FCCHET RS ERE L E LA
KRR, HHHALEBFZERMERR, MiEHhT
TSATHE AR R R . METHEEE T, REHE
FEHL TV B K H 3R T WK S TR KF
5% Z, LAAIK S BUBT IR IR SR, T VR X
[EANR E )AL N e N L Wi i ) | PR 2 7 e
SO T HRAR M AT R N R 5 b A A



WRIESE: R TH B ™ 365 1 BOBRAS E R A 3R BB 0 AR S A B A 3R 1051

A 2 AL A A L

EEWME XETERNASSAEEKALAEB
(15JCQNJC08100), X &7 & % F 4 4l #7 H A& 5k
HHRI“REHFFRTRE KR AESTRE LA
(TD125037)fe R 2L K F R L KX &7 A
(52XB1209).

Sk

Barter MA, Li ZW, Xu JL (2001). Shorebird numbers on the
Tianjin Municipality coast in May 2000. Stilt, 39, 2-9.

Cao SK, Feng Q, Si JH, Chang ZQ, Zuo MC, Xi HY, Su YH
(2009). Summary on the plant water use efficiency at leaf
level. Acta Ecologica Sinica, 29, 3882-3892. (in Chinese
with English abstract) [W4E2s, Site, F@E,
BRI TEIREVE, J3KED (2009). AEPF K R AL
FHEFLRR. LAY R, 29, 3882-3892.]

Cernusak, LA, Ubierna N, Winter K, Holtum JAM, Marshall
JD, Farquhar GD (2013). Environmental and physiological
determinants of carbon isotope discrimination in terrestrial
plants. New Phytologist, 200, 950-965.

Chen Q, Gao J, Wang ZL, Wang YD (2014). Variation charac-
teristics of reed marshes in Tianjin and its cause during
1984-2009. Wetland Science, 12, 325-331. (in Chinese
with English abstract) [5iE, &%, TP R, £X &K
(2014). 19842009 4 R i TI7 S 7L 5 25 VA 3 AR AL AR AE 2
A -, R R, 12, 325-331.]

Choi WJ, Ro HM, Chang SX (2005). Carbon isotope
composition of Phragmites australis in a constructed
saline wetland. Aquatic Botany, 82, 27-38.

Diefendorf AF, Mueller KE, Wing SL, Koch PL, Freeman KH
(2010). Global patterns in leaf **C discrimination and
implications for studies of past and future climate.
Proceedings of the National Academy of Sciences of the
United States of America, 107, 5738-5743.

Domingues TF, Meir P, Feldpausch TR, Saiz G, Veenendaal
EM, Schrodt F, Bird M, Djagbletey G, Hien F, Compaore
H, Diallo A, Grace J, Lloyd J (2010). Co-limitation of
photosynthetic capacity by nitrogen and phosphorus in
West Africa woodlands. Plant, Cell & Environment, 33,
959-980.

Duursma RA, Marshall JD (2006). Vertical canopy gradients in
5C correspond with leaf nitrogen content in a
mixed-species conifer forest. Trees, 20, 496-506.

Farquhar GD, Cernusak LA (2012). Ternary effects on the gas
exchange of isotopologues of carbon dioxide. Plant, Cell
& Environment, 35, 1221-1231.

Farquhar GD, Ehleringer JR, Hubick KT (1989). Carbon iso-
tope discrimination and photosynthesis. Annual Review of
Plant Physiology and Plant Molecular Biology, 40, 503—
537.

Feng XP, Wang YD, Chen Q, Guo CC, Wang ZL (2014). Re-

search on the spatial evolvement regulations of soil salt of
the coastal natural wetlands in Tianjin. Journal of Tianjin
Normal University (Natural Science Edition), 34(2), 41-
48. (in Chinese with English abstract) [/3/NF, F XA,
BRid, 5K, TR (2014). KRG 13 5 4y
AR TT. REITE R 224k (B RBHERR),
34(2), 41-48.]

Gibberd MR, Turner NC, Storey R (2002). Influence of saline
irrigation on growth, ion accumulation and partitioning,
and leaf gas exchange of carrot (Daucus carota L.). Annals
of Botany, 90, 715-724.

Gong XY, Chen Q, Lin S, Brueck H, Dittert K, Taube F,
Schnyder H (2011). Tradeoffs between nitrogen- and
water-use efficiency in dominant species of the semiarid
steppe of Inner Mongolia. Plant and Soil, 340, 227-238.

Guo J, Yang YJ (2011). The characteristics of precipitation
changes in Tianjin in recent 20 years. Journal of Arid Land
Resources and Environment, 25(7), 80-83. (in Chinese
with English abstract) [38Z, Ml (2011). #r204FK
REETT R K BHR A ARFE. 5 X R IE 535, 25(7),
80-83.]

Hamerlynck EP, Huxman TE, McAuliffe JR, Smith SD (2004).
Carbon isotope discrimination and foliar nutrient status of
Larrea tridentata (creosote bush) in contrasting Mojave
Desert soils. Oecologia, 138, 210-215.

Hultine KR, Marshall JD (2000). Altitude trends in conifer leaf
morphology and stable carbon isotope composition.
Oecologia, 123, 32-40.

Jiang QZ, Roche D, Monaco TA, Durham S (2006). Gas
exchange, chlorophyll fluorescence parameters and carbon
isotope discrimination of 14 barley genetic lines in
response to salinity. Field Crops Research, 96, 269-278.

Kohn MJ (2010). Carbon isotope compositions of terrestrial C3
plants as indicators of (paleo) ecology and (paleo) climate.
Proceedings of the National Academy of Sciences of the
United States of America, 107, 19691-19695.

Li J, Liu CQ, Yue PJ, Zhu ZZ, Zhang GP, Xiang M, Li Y
(2010). Hydrochem ical evidence of surface water salini-
zation process in the Tianjin coastal plain, China. Envi-
ronmental Chemistry, 29, 285-289. (in Chinese with Eng-
lish abstract) [27%, XA, fFHHY, RIEM, TKEF,
T, 285 (2010). Kb X Hh 2 K R AL 1R K A6 22 0E
. HBEfhA#, 29, 285-289 ]

Liu XZ, Zhang Y, Su Q, Tian YL, Quan B, Wang GA (2014).
Research progress in responses of modern terrestrial plant
carbon isotope composition to climate change. Advances
in Earth Science, 29, 1341-1354. (in Chinese with English
abstract) [xI'%#X, 7k, mHS, MK, 4, £E %
(2014). BRIt A= A0 BB 70 57 35 260 X025 A .
L. HhEREL R, 29, 1341-1354.]

Marks M, Lapin B, Randall J (1994). Phragmites australis (P.
communis): Threats, management and monitoring. Natural

doi: 10.17521/cjpe.2015.0101



1052 fEYA= 25 2%4) Chinese Journal of Plant Ecology 2015, 39 (11): 1044-1052

Areas Journal, 14, 285-294.

Sardans J, Penfiuuelas J, Estiarte M, Prieto P (2008). Warming
and drought alter C and N concentration, allocation and
accumulation in a Mediterranean shrubland. Global
Change Biology, 14, 2304-2316.

Sheng WP, Ren SJ, Yu GR, Fang HJ, Jiang CM, Zhang M
(2011). Patterns and driving factors of WUE and NUE in
natural forest ecosystems along the Northsouth Transect of
Eastern China. Journal of Geographical Sciences, 21,
651-665.

Wang WW (2011). Nutrient Dynamic and Stable Isotope Indi-
cators in Tidal Flats of the Yangtze Estuary. PhD disserta-
tion, East China Normal University, Shanghai. (in Chinese
with English abstract) [T (2011). KL NS =
FEERE R RERITR. Lo, #RmE
K2, i 77-87]

Wang WW (2012). Response of 6**C Values of Wetland Eco-
system Plants to Soil Salinity in Yellow River Delta. Mas-
ter degree dissertation, Ludong University, Yantai, Shan-
dong. (in Chinese with English abstract) [ (2012).
T = A PR A A RGO S CAE X - 458 6 43 (g
B2 W2 E AL, AR, ARG, 22-51.]

Waring EF, Maricle BR (2012). Photosynthetic variation and
carbon isotope discrimination in invasive wetland grasses
in response to flooding. Environmental and Experimental
Botany, 77, 77-86.

Waring EF, Maricle BR (2013). Stomatal conductance
correlates with flooding tolerance in Phragmites australis
and Sorghum halepense. Transactions of the Kansas
Academy of Science, 115, 161-166.

Wei L, Yan CL, Guo XY, Ye BB (2008). Variation in the 6"°C
of two mangrove plants is correlated with stomatal
response to salinity. Journal of Plant Growth Regulation,
27, 263-269.

Winter K, Aranda J, Holtum JAM (2005). Carbon isotope
composition and water-use efficiency in plants with
crassulacean acid metabolism. Functional Plant Biology,
32, 381-388.

Wu GH, Chen SR, Su RX, Jia MQ, Li WQ (2011). Temporal

www.plant-ecology.com

trend in surface water resources in Tianjin in the Haihe
River Basin, China. Hydrological Processes, 25, 2141-
2151.

Xu ZZ, Zhou GS, Wang YH (2007). Effects of drought and
rewatering on carbon and nitrogen allocations in Leymus
chinensis grass. Journal of Meteorology and Environment,
23(3), 65-71. (in Chinese with English abstract) [+,
JAT™ M, EERE (2007). FFF0E KRS 2 BhR 5 BL 1)
M. SR 5B, 23(3), 65-71.]

Xue DM, Boeckx P, Wang ZL (2014). Nitrate sources and dy-
namics in the salinized rivers and estuaries—A 6*°> N- and
5*80-NO5~ isotope approach. Biogeosciences Discussions,
11, 4563-4589.

Yang ZF, Xie T, Liu Q (2014). Physiological responses of
Phragmites australis to the combined effects of water and
salinity stress. Ecohydrology, 7, 420-426.

Zhan XY, Yu GR, Sheng WP, Fang HJ (2012). Foliar water use
efficiency and nitrogen use efficiency of dominant plant
species in main forests along the Northsouth Transect of
East China. Chinese Journal of Applied Ecology, 23, 587—
594. (in Chinese with English abstract) [J&/Nz, T 5%,
BESCHE, JTHRE (2012). Hh EZR B E ALRE AT AR A
Y B BK > R BB R PR, RS
i, 23, 587-594.]

Zhang J, Gu L, Bao F, Cao Y,Hao Y, He J, Li J, Li Y, Ren Y,
Wang F, Wu R, Yao B, Zhao Y, Lin G, Wu B, Lu Q,
Meng P (2015). Nitrogen control of *C enrichment in
heterotrophic organs relative to leaves in a landscape-
building desert plant species. Biogeosciences, 12, 15-27.

Zheng SX, Shangguan, ZP (2007). Photosynthetic character-
istics and the ir relationships with leaf nitrogen content and
leaf mass per area in different plant functional types. Acta
Ecologica Sinica, 27, 58171-594181. (in Chinese with
English abstract) [X8¥&, LB FF (2007). ANFhEE
BHEYCERE L SRS & W EARR, &S
23R, 27, 58171-181594.]

TEmZE: PR FUEmE: £ O




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


