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Abstract: Plant growth is often limited by high salt concentration and nutrient deficiency in soil of coastal wetlands. Salt-
dilution and salt-exclusion are two common strategies by which halophytes adapt to salty environment, and both strategies
can affect plant trade-off of water and nutrient use efficiency. In order to understand plant nutrient strategies and trade-offs
between water and nutrient use efficiency in different halophytes, we investigated two common halophytes including salt-
dilution and salt-exclusion halophyte in Yancheng, Jiangsu, China. We also analyzed the relationship between foliar 3" C,

which is a direct measure for water use efficiency ( WUE ), and main nutrition elements stoichiometry such as nitrogen
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(N), phosphorus (P), potassium (K) in different halophytes. The results showed that the foliar N/P ratio of halophytes
was 15.3, which was lower than the average value of the global terrestrial plants, indicating a co-limitation by N and P for
halophyte growth in coastal wetlands. For two types of halophytes, 8" C showed significantly positive correlations with foliar
N and P. These correlations indicated that plants in poor environment may be profit N-related and P-related photosynthetic
capacity strategies. In addition, salt-exclusion halophyte showed the positive correlations between 8" C and K, suggesting a
K" -related osmotic adjustment strategy for taking up sufficient water while containing salt toxicity in plants. Furthermore,
both types of halophytes showed a negative correlation between 8" C and C/N. These results suggested that both salt-dilution
and salt-exclusion halophytes were adapted to salty soil through a high WUE at the expense of decreased nitrogen use
efficiency in the coastal wetlands of eastern China. A negative correlation between 3" C and C/P and the enhanced foliar
phosphorus concentration were observed in salt-dilution halophyte, which suggested that these plants could improve C
sequestration and biomass production by increasing P use efficiency in the habitat with low water availability. Our study can

contribute to providing a baseline information for the restoration and conservation of coastal wetlands.

Key Words: foliar carbon isotope composition (8" C); foliar nutrient elements; water use efficiency; salt-dilution

halophyte ; salt-exclusion halophyte

VRV M R PR 5 - SRS BRI A Bl A K, R M B AL 22 R X IR BT P A R B AR TRER
ARk R R PR K R A R ) 43 O B 3 AR AE W) (salt-dilution halophyte ) | 45 £k £k 4= 4 ¥ ( salt-exclusion
halophyte) & £ 4 # %) (salt-secretion halophyte) Sl E R AR B ZE N AL R T K BT, 28
fifp b B R R A X KT BB RO, 0B Na® I T AR SRR R AT, SRFFAR N KT/ Na® -4, L
PEFFRINIB B IR, i Na SR 70 IR TR AL MW RR R AR 25 4 AR R A0 HEBR th AR R ) X e fE S FF
GERE ) 5 A5 a0k 2B P A

FaYIiRFE PR 2 87 C A i [a] 52755 CO M L (CivCa) , I E A RETI (A) 5RILTE (gs)
Z e Y 8 C 5 KA R IRCE (Water use efficiency: WUE) IEAHSE A AT MK 1 WUE (94
RO TR R IR SR W e LA A R KON e B AR I DA R AR PR B A
W) 8°C 5 L T k[ B R A O SR AR IREE IR0 4k B 1 a0 RS T R S Rk BR A
AR (ERRIER AR F 3743 00 R SRR R R 4LAL (8" C) 1Y 56 R S 1 37 43 R FH A 5
WUE Z [A] AR AT IR AR AL

M N P K F2 e E XY AE K R B A G EEAEH 85 A AR B R s R B T R
EW A (N T R IR SIS P A B A SCETE PE (P) N AN IB B R IR S Na £
(K) 0 iRl 80 2 I C/N C/P Fn Y E B C THFER N AP B R T AR
A9 N F %K (Nitrogen use efficiency : NUE) A1 P F| F%80°% ( Phosphorus use efficiency: PUE) BOON/P R IR
RAEAEY) S5 5y 7 6RO, AE Y N/P <14, R A K Z N FRE Y NP>16, RFEY EKZ P R
HIT BT Y C/NL /P ON/P S ZERE R, 80 C 5 WUE IE AH 36 1l BF 5 B-K-35 20 18 3R 19 A
THP22]

MR 87 C 5 IGRMMSATTRAFE MR ST X IR IA 5L 22 5 5 W Fh 22 S A ]S 2022200 0 A 21
FERM A N SRS 87 C IEAHSES 2 i A P i e A M OCEEIE MES 8 C IEARSE | sl i
AN 87 C FUHISE ™ K AEB S R T R AR, B S 81 C IERIE R 4 g
KW 0] DL s S AL A 5 87 C e 7RIS N 3583 i i ROk A R B 1 N R 48
/R 3°C(WUE) 5 NUE A5 2% Dijkstras % U i TP 5 P AR B2 EH, S35
WUE 5 PUE Z ARG MIICHR . Zhou S5 HESE A | t F A0 , P Wl 5z 28 6 F#2 1il , WUE 5 PUE
ARG, BRI 87 C 5 PUE IEAMIK, Cernusak 45 BFFE AR FlIE - N/P 5 WUE X5, &3 WUE 5 N/P 1EAH
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HT 8" C S5 3R e R A2 it Rk Z A 56 2R Bl Fﬁ?ﬁC*%ﬂ#?;Eﬁ?{m A S
TR BT SR AOTTEAEXT IR RIS 0 S AR D) B 7 2R A7 ) A i Sk b, DU DA AR $h 62 |
TEERER LAY A ETER B, o MR b B I Jr 80 C SR TT R ATHE R IE R SC R, 7R A ] 5284
R AE A BRI AR S R IS A5 PR e BB A

1 #MREFE

11 R X

ST XAV LIRS FR I e O et b (32°52/16.30"—33°3821.62'N , 120°34'33.85"—120°55'1.44'E.) , il
I B , DA A PR ORI R B T R IR . A T b A R Tl A2 AL, s A I i P
J AL R T R, PR 2 T R T e 6—8 ), DU 43 AR IR 13.7—14.4°C , X B RS LB
POICFRWIN 200—218 d, 4E KB 1025 mm 452 H BRI%L 2169.6 h, K H BT8R, H3ERR oM w0 g + |
pH 7E 7.89—8. 50 2 [A]"%) | i % 25 B Sk e 4% I H ML B, E B AR R M R A Bl ((Poaceae ) | BB
( Chenopodiaceae ) \ 3§} ( Compositae ) , Jit 4= 48 1) 6145 £h M B83% ( Suaeda salsa) 8% ( Suaeda glauca) A5
(Salicornia eurpaea) J72E ( Phragmites australis) %5
1.2 FEARAREE
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FESRAE TR LR A AR B IR E R R T 18 km 19 3 MR (B 1) 8 HRELR S AR A ) 78
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Fig.1 Study area and sampling site

http ; //www.ecologica.cn



2218 JAE = 40 4

F1 HEEMERTIR
Table 1 List of halophytes sampled

iR IS B =] i
Halophyte types Family Genus Species
e NA L) FEFL ( Chenopodiaceae) BRTEJE ( Suaeda) % (Suaeda glauca)
Salt-dilution halophyte 3% )8 ( Suaeda) Eh W BB % ( Suaeda salsa)
LR (Salicornia) R HE (Salicornia europaea)
4B} ( Compositae ) B3R ( Sonchus ) B33 ( Sonchus arvensis )
EEhE A RAFEL (Poaceae) 1125 J& ( Phragmites) 1% ( Phragmites australis)
Salt-exclusion halophyte W78 ( Calamagrostis ) AL T3 ( Calamagrostis epigeios)
4%} ( Compositae ) 5% )& ( Tripolium) W3E ( Tripolium vulgare)
Jer BB} ( Apocynaceae) B 4 K& (Apocynum) %5 75 R (Apocynum venetum)

FHAL T X AR AR AT R AR B ], o3 B AR 25 v 25 B TR R A 43, 105°C AT 30 min, JF
T 55—65CHET R EE , HZG AP AL 4 A SR i AR | 1 100 Gt , il AR PR 1 SEA b S B il i %
K i , T RAmE AR KT 15 d SR AT B OFSR SR T RIS | ok 100 H 0, e E0A7 R0
1.2.2 JEbRIGE

JTCEME . M B2k R E (%) K HIT R MY ( Elemental Analyzer, Perkin-Elmer 2400 II, USA) oy
JE 5 A AR R ] K- i B T - ICP-AES 11 E

FE IR RO 2 A AR ENE R IRGE R 3% LUl S AL (DELTA V. Advantage , USA) 5 , 11 B
PEFRM R AL (87 C, %0) kAN T .

SBC ( %0) = [ ( Rsamp]c _Rslandar(l >/Rstan(lard J X 1000 ( 1 )
AR pie R anaar IR FRHERERL D C/2C R e R EBRERHER 5T VPDB,,
3°C, =5"C,~a=(h=a) C,/C, (2)

K, C, RAH COMREE AR M3 http - //www.estl.noaa.gov 25 [i8] 1] 15387 C,, . A AL 28k [R5 K HL 2%, ]
i (1) RIHEME ;8 C, . KR COMREE MR R R AT AR YE Feng ™ BEAEMITTH

8" C. = —6.429-0.0060exp[ 0.0217 (1—1740) ] (3)
Ao, SRR 2018,8°C, = —8.93%0;a b CO, P JRA N 7= Az 9 73 IR UL (4.4% 27%)
WUE=A/gs=(C,;-C,)/1.6=C /1.6x(8"C,-8"C,+b)/(b-a) (4)

AP AL AR g AL C, 87C, . 87C, \a b & HE I+,
1.3 Bl 558

52K H] Microsoft Excel 2016 4K /4% 8504 R A7 8 FH  SPSS 22.0 G800 Mr ik 14F EA7 88 3+ 20 7 (ver.22.0;
SPSS Inc., £ E) FIH Origin 8.5 Hil [, £tk MIA M0 H TR YR 8°C 53R r e X R o
Br, M SEVE SR ] Pearson A, WL E PE/KSFE P<0.05,

2 HRE5SWH

2.1 EEHREHER A 87 C 5O R S b R

e eI R AR FE (37 C) FEAN R MIAF1E B 35 22 55 (P<0.05) (3 2) , AS[R) it 5 4 4 16 4% 18 A= 1
AN XTSRRI (% 2)  fEERAEAEYI R 81 C C F B B R TR R AE Y (P<0.05) , T
AN & ((30.849.6) g/kg) KTFERER B ((23.4+10.2) g/kg) , (HARIKF] B E VK (P>0.05) . Fidh
MY R P SRR AR 0.4 g/ke  (HZE SR E (P>0.05) , EERERA Y B KE & &
R TR A 5 2.6 o/kg  (HARIAF) B E K (P>0.05) , C/N . C/P N/P AL 24 i 48 B 3 2, 4 5k
W1, F C/N C/P JUE LLAE MR Eh A A ) 2 0] 22 S M AN B Bl {H N/ P 76 PR Rh kAR A 2 TR A7 7 Sk 2 P 2 %
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(P<0.05) , Fith b A= F¥) N/P<14 JEELER MY N/P>16,

EHRR L EL A T B e R & LA SRR S A 5T X 25 e e A LR 3, #h AR AR C Bt
il DI , (H N P 3 A X Sl B C & i8R/, C/N 5 C/P FRILH LA X3/ N R AR, BIF5E IX.
N/P ~FBME 153, R T2 |t EART AT RS RS 102 AMEHFEY) S E 2R S0 S Y,
H/NFFE05E L X AR
22 MY R 3PC 5K NP K XA

MR SR U R S AR ) AR B R S 8P C MISC (K 2) o iR R dh A M SR REA S L B 2 PP
RV ER 2B A ER AR 87 C 5 N 5 8 35 IEAHDCPE (P<0.05) s (H i TRl R A= R4 8 C i 431 22 55 ]
(3R 2), 5 P AR S OC R HAE MR b 280 e bl 2 B, AR A 87 C 5 P R I S IE A G (P<
0.05) , M AR AEAEY) MFEAN A B . BRAGEERER A A AL  FEERER A AR  BREAR 8 C 5 KM iR 1B 35 1E AH
X (P<0.05)

®2 AEHELXBEYHE 8°C STEEERUFITEHECTHME AR 2 )

Table 2 Foliar 5'*C,elements concentration and stoichiometry characterize in different halophytes( mean=SD)

O FRRLE
IR o . ‘ o
e TRBER UREAR HERAR WAl
i Eh 2 Foli b Foliar carbon  Foliar nitrogen Foliar phosphorus Foliar potassium TR Tl L AL
oliar carbon
Halophyte types ot concentration/  concentration/  concentration/  concentration/ C/N C/P N/P
isotope
" (#/ke) (#/ke) (#/ke) (¢/ke)
composition
8"C/ %o
BREA
. -28.4+1.9 322.9+83.7 27.2+10.5 2.1£1.3 16.8+6.3 12.8+¢3.3  194.9+93.6 15.3+6.5
All species
b
,ﬁ? ETE@J -30.2£0.7b  271.3266.7b  23.4+10.2a 2.3x1.7a 15.5+7.6a 12.7+£3.6a  173.9£98.9a 13.4+6.0b
The salt-dilution halophyte
PN
s e A -26.7+1.0a  372.8+66.9a 30.8+9.6a 1.9+0.6a 18.1+4.3a 12.9+3.2a  215.3+84.7a 17.2+6.5a

The salt-exclusion halophyte

FBIARR/NG FhE a b ZonKilialfl 22 285 B E KT (P < 0.05)  thth EHEY n=29 THEHEH AN n=30

R3 FAAREREEMREARERTIE

Table 3 List of the results in this study and other regional researches

. MR TR S LR A RS AR i
LENES: Foliar elements concentration Elements stoichiometry ratio Data ESBLN
Study area . References

C/(g’kg) N/(g’kg) P/(g/kg) C/N C/P N/P sampling
4 BRYEHE Global scale 461.6 20.1 1.8 23.8 300.9 13.8 oy [32-33]
P ERT A RS RS
Forest ecosystems along the North-South 480.1 18.3 2.0 29.1 313.9 11.5 A [34]
Transect of East China
9 mﬂ‘“‘\‘ i L

,ﬁl ﬁ{ﬁ*ﬁ% . 435.1 23.4 1.2 19.4 383.0 19.9 i [35]
Nine typical eremophyte species
H AR I I B AR AR W)

Herbaceous species across islands in the 427.3 18.7 1.5 24.6 360.1 14.5 b ¥ [36]
Yellow Sea and the East China Sea

RV N H R A A

Halophytes in coastal wetlands of 322.9 27.2 2.1 12.8 194.9 15.3 MR SENAE

Yancheng

2.3 AR R 8PC 5 C/N.C/P N/P XK

ER AR AR A R (18] 3) ,87C 5 C/N .C/P 5 N/P AEAEAHEEFFR (P>0.05) , (HIEREhEE
AR L8 C 5 C/N Al C/P HEH B E A IE R (P<0.05) , 5 N/P Z[RIEA XM (P>0.05) , {HXf
MR ER AR 8 C 5 N/P SRR AT/ ZEMIA 0, KIS N/P<16 B ,8°C 5 N/P 230 5 3% 7R OC 1
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Fig.2 Correlation between foliar 3°C and foliar nutrient elements in different halophytes

(P<0.05) , $EFHEFHAMYIT 3 C 5 O/N AR E R LR (P<0.05) , [HXFIXE R SVC 5 c/P M
3" CH N/P sr#Hrh A2 (P>0.05) .
3 iTFig
3.1 EEHRHER AT B 81 C R E i AT R AR

AW FAG AR SR LR AT 87 C BE R TR ER MY, [N WUE 5 8°C 1IEMIC, Wal(4) ™), 455148
ANEEREAAM YN B WUE K FReshihAmay . AR 0] B S5 A s 48 At ¢ M dh Eh At e IR ik &
H, BeM B N T 2480 DL A= PR IIOK IR R ER R AR A Y e = 3X P &5 44, A AUR IR BOK e R B, A
RELERFFE SR AR IR P i A A7

AHFFESE AR AR AR C At ((322.9+83.7) g/ke) , BUEF &R AEDFIT X P | 5 A HE M V5 b
B RGHIFAN L, W45 AR T b B AR B S s By 0 X — 5 R X IR AL A C
SEAFRE B SS (32 3) , iX SRR b A 35T I K M A e REEXEA L ARFFEX A NP &
R T AL X (3 3) , 0T e S Eh A YR R IR R AR AR S 43 B SR A G, R A Al i s AR R R
Oy N FRAT T BRIREE | N 208 K FRAMEAE ' | Talbi-Zribi 2577 %R AR R BE 3 FORA R FI ALY P
FIHR AT E B0, 78 P 5 BRIREE | 3 Rl A W RE AR R A P ARERE f, SRR A5 R 98 A R A B g 1
5 FEY) N P & THUME | Sz X ISR 405 o ¢ A i AR AR RS I SRS A

W25 5 R AR F M A C/N L C/P SEEEAR T4 BRI E K b [ AR IX I (36 3) P2 SR i g
T Ml A 25 ZR G AR ) B SR A I A 7 A, SRR RR AR SR A O, DRI T b - R o v K2 R
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22  y=-33363- 1.731x 600 W SEEE A R*=0.167 P=0.028 n=29
20 | A R*=0276 P=0.003 n=30 9 A+ W EREA — »=7462.043 - 25.366x
2 g 500 | R*=0082 P=0.124 n=30
g 18 L @ .
g & A "
. g 16 £ 400 - ry
SE 14 S £
e T30 a . .
rE 12 £ at .
T g = ~ £ .
=] ,8 < AA = L}
s 10 + E] 200 ~ < 4 n
E 8 © *\ - .. .I ‘
= = .
e %100-‘$*M\\ " .
6 A = A x A
4 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 ]
-32 31 -30 29 -28 -27 -26 -25 -24 -32 31 -30 29 -28 -27 -26 -25 -24
40
[ I ) . 8 A N/P=16 - y;ﬁ 28.814 5.649)6 _
2 40 | D a g A Npels . R0188 P=0243 =9
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& A ' " % 251 a
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_‘:Lr_: 2 & . Zz e ol Uit WA a
=50 TN BT T L re ‘a -
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Fig.3 Correlation between foliar 3 C and foliar elements ratio in different halophytes

SRR R TRy TR I 2 R R P IR R o A N/P AT T RO IR AR N/ P< 14 R
TP N BRI N/P>16, RUEY) P AXTEEZ 22 ARBFFE b BB A N/P S (EN 15.3(38 3) 54
BRI A AR b AR R AR 102 PR 3R K v [ 7R 0I5 S Bl AR D02 ey 2 20 L L B S v
PR HopRihih A4 Y N/P<14 3 N R FEEhEh B MY N/P>16 32 P BRI (3 2) , KA 5L Sk 5ok
PECEERIREE ISR ) VLI I A ) R N P 2 [E] BRI AL
3.2 AP 37C 5 NP K K&K

M IR EXAEY AR R B AE AR, REE A AR A R IR AL R (gs) BOLH A (A),
B R 8 CH 20 0 R R AR A T R 3R A R ARIE S 8P C(WUE) Z L R, X
FAE R TG A A S AR ML S A KPR AR e B SR X, ARSI AR 8 C Bl NP
K s i o e R

WHREWI e ER N 5 8" C AEITA SR AAH I REAS i kb Eh A A ) B AR $h R B A TP BB AEE IEAH DG OC R
(E2) 251 5 REEMFE AR 20, B 87 C Bl N Ve B 03 hnmi 3 i, B RURAE P 0% & Re 1 BEME i N v
JERBE NG, 1 8V C SR RE N RIEL, BT LA A N 5 8P C IS P DG SO SRR AR S R
G LI ( Reaumuria songarica) TP F 87 C 5 N ¥R & RIEATIH5T, R A B Z A AFEIEAH G E R B
HIULEEIE J AL SR 53 BRI s AR A AR B A= ) RO BTG, A B8 R AP A b i R A R 3, W %
O RBR LT A E R E SR 8 C 284k, [H Zhou SV RS M, N A N A U TR =
I TEINE T = AR X AR W) 'G5 RE D T AR R N Vi B2 35 i 3 n DRI okt 7 75 980 e S AP TR B AR S P45
WA REIMNA N5 SVC ZIMFFEHEKR,
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FKTFMH P &FEYS8°C ZRXERNHRAAEAN—BNLE, DGR RPAZUEY R P 5
3V C IEMSE, A P 5 A BMEE m LA AR DC, i P SR A EE iR, 87 C MY LA aE
BESR IR . BRI, Zhou %5 BF ST B MR A B 7R 0 0 R 5 8 C Z S RMT A B, 87 C 5 P #E i A Hd
WIRE R AEAE AR SE R (E T B R 23 28 00 W I A 2 B AR 56 56 2R TN P IR A5 B 38 A o, e
ZRIENE R P Wl sh 7, SR A 3T P AR R A 8l ZZ A OK WUE #IE, 87 C {E#/N, BT LL 87 C 5 P
BIREKRR, AR 8°C 50t P R e A SR AR 5 IEAH G R AR SR A IR R, P il
AT A G R 8 C, FEh I S B PG, Y ks KRR R E 4 P, (HX
BT Eh AR A REAR BEAT 00T, H00E R INAHCHE S R 45 5 Ma 25 S R4 5 —2, KW S"C 5 PIXA
Sk £R 2 5 R R AR 81 C 5 P A SRMEARIR] , 5 B AR A W 2 A 743 200 0T

SFFER AN = K BT AR B R B Na 375 F & ROS E AL i E il E EE/EHY . Si
YN KMENB BT Pz — T R M b KRR, LIS s B 5, 3Rk R R, i K
HETFRIXE §7C IEHSE, Zhou % K B Kl 1 2% 15 i bl sh W el ARSI A2, BERH 5 8 C iAo, AR
55,87 C 5 K fE sk A MWy B A S AR AR Eh AR AR ) P A AE A B 3 IE AR GG R (P<0.01) X EE 54
Pk BB K E K, E R R BT A T 40 8 B S Na 3h 5 % & ROS AL N W A
St e 0 AR R R AR R P SRR IR AR SO R AR B R B, JE A T B R SR S AR R R A RIE A
I PN 7K 325 N B VA TR0 A T B, A K R oK EFE AR R AR A /N7
3.3 AR AAEY R 8P C 5 C/N.C/P N/P XH&R

W E BRI Eh B EL A A 87 C 5 C/N BB R (K 3) , FRIAE IR M = Eh W ia 5 35505
BRREE [ E B C TR ERIUE 2 N, B NUE &%, A 6008 K WUE RAMUEIS A 1 N R R 220 AR
W5 R AR SR AR R B C/P 5 81 C Z IR B MG R (BRI AR K B (K 3) . AT
Re- S SRR AR A2 P BRI OC (3R 2) MW T USSR P AR USEIIE WUE BP X C B9& R, mifhaEh
YRR 85 C 5 C/P R LM SEMATAE Xl BES A WXt P AR EVE K TR P LR A 5 i
FEER 2 TUE YA S ST IR IE B

MRFHR KM F 8°C 5 N/P Z[AIFFAEA A, Zhou 55 K75 98 = J5L A1 450 ARSI 80 55 DU 9% ok &
B HLL N/P =16 N5 Bk W Eh Sk B A b 4T 0 Be o, KB N/P /T 16 B N/P 5 8P C %
A, A N/P<14, MWK EEZ N Z RG], 14<N/P<16 B, % N P SL[RFREI 220 AHfF 55 245 51
VL N 8¢ N P 3753 3R] BR ) A 52 s Eh b AR A i A K A B 2R

4 #ig

MR Y AR 2 N P LIRS, SR B A A IE R N P BRI EREE , SR N P G A RS, 3 ad i
ARG R NP TR A SO A A ). TR AR EREE KR A8 8 0 SR AE AR S A ) T
REEEL R KBS P A SRR | LA NS B B S W IR R R R oy E L AR
gEIARH 87 C 5 C/N MU b, R AR AR BUE = WUE LICELI8/ING NUE 56, Frdhh At 8P 5
C/P W b, Hovt v A s P i, R EL AR AR v LI = PUE DI KAIR WUE P85 C & A
FE, IR R IR BT S R A T SO AR K R A BRI R, AR AR 4 SR R O b A S R AR 5 E
AR OIS IKE

52 3 HK ( References)

[ 1] Breckle S W. Salinity, halophytes and salt affected natural ecosystems//Lauchli A, Liitige U, eds. Salinity; Environment-Plants-Molecules.
Dordrecht; Springer, 2002, 53-77.
[ 2] Flowers T J, Colmer T D. Salinity tolerance in halophytes. New Phytologist, 2008, 179(4) : 945-963.

[ 3] Shabala S, Pottosin I. Regulation of potassium transport in plants under hostile conditions: implications for abiotic and biotic stress tolerance.

http ; //www.ecologica.cn



7 39

R %5 i b Ayt i 80 C 5 EER LR ETRILR 2223

[4]

[5]

(6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Physiologia Plantarum, 2014, 151(3): 257-279.

Perri S, Suweis S, Entekhabi D, Molini A. Vegetation controls on dryland salinity. Geophysical Research Letters, 2018, 45(21) : 11669-11682.
RIS, AR, RARAL PR (R TR . deat: BRI, 2013 23-111.

Meng X Q, Zhou J, Sui N. Mechanisms of salt tolerance in halophytes: current understanding and recent advances. Open Life Sciences, 2018, 13
(1): 149-154.

Farquhar G D, O'Leary M H, Berry J A. On the relationship between carbon isotope discrimination and the intercellular carbon dioxide
concentration in leaves. Australian Journal of Plant Physiology, 1982, 9(2) . 121-137.

Condon A G, Richards R A, Rebetzke G J, Farquhar G D. Improving intrinsic water-use efficiency and crop yield. Crop Science, 2002, 42(1) .
122-131.

Farquhar G D, Ehleringer J R, Hubick K T. Carbon isotope discrimination and photosynthesis. Annual Review of Plant Physiology and Plant
Molecular Biology, 1989, 40. 503-537.
AR, BREE, QAL W, WK RIEERE AR AE R BB 1 C N P AR TR, A A AR, 2012, 36(10) : 1054-1061.
Jia J, Bai ] H, Wang W, Zhang G L, Wang X, Zhao Q Q, Zhang S. Changes of biogenic elements in Phragmites australis and Suaeda salsa from
salt marshes in Yellow River Delta, China. Chinese Geographical Science, 2018, 28(3) . 411-419.

T30S, XEEE. =AU Co A 8 C XHEREE AL A R . B AR K2R FARBIERR, 2012, 28(2) : 174-179, 186- 186.

FAIAT, PEIE, WM, JE. CEWRERIFA Z AL S R, A2k, 2008, 28(3) : 1270-1278.
Flowers T J, Munns R, Colmer T D. Sodium chloride toxicity and the cellular basis of salt tolerance in halophytes. Annals of Botany, 2015, 115
(3): 419-431.
Wang L L, Wang L, He W L, An L Z, Xu S J. Nutrient resorption or accumulation of desert plants with contrasting sodium regulation strategies.
Scientific Reports, 2017, 7(1) : 17035.

Wang L L, Zhao G X, Li M, Zhang M T, Zhang L F, Zhang X F, An LZ, Xu S J. C: N: P stoichiometry and leaf traits of halophytes in an arid
saline environment, northwest China. PLoS One, 2015, 10(3): €0119935.
Walker A P, Beckerman A P, Gu L H, Kattge J, Cernusak L A, Domingues T F, Scales J C, Wohlfahrt G, Wullschleger S D, Woodward F 1.

The relationship of leaf photosynthetic traits - V. and J,

cmax max

- to leaf nitrogen, leaf phosphorus, and specific leaf area; a meta-analysis and modeling
study. Ecology and Evolution, 2014, 4(16) ; 3218-3235.

Ma F, Liang W Y, Zhou Z N, Xiao G J, Liu J L, He J, Jiao B Z, Xu T T. Spatial variation in leaf stable carbon isotope composition of three
Caragana species in northern China. Forests, 2018, 9(6) ; 297.

SiJ H, Feng Q, Yu T F, Zhao C Y, Li W. Variation in Populus euphratica foliar carbon isotope composition and osmotic solute for different
groundwater depths in an arid region of China. Environmental Monitoring and Assessment, 2015, 187(11) . 705.

Li CY, Wu C C, Duan B L, Korpelainen H, Luukkanen O. Age-related nutrient content and carbon isotope composition in the leaves and branches
of Quercus aquifolioides along an altitudinal gradient. Trees, 2009, 23(5) . 1109-1121.

Zhou Y C, Fanl J W, Harris W, Zhong H P, Zhang W Y, Cheng X L. Relationships between C; plant foliar carbon isotope composition and
element contents of grassland species at high altitudes on the Qinghai-Tibet Plateau, China. PLoS One, 2013, 8(4) : ¢60794.

Zhou Y C, Cheng X L, Fan J W, Harris W. Relationships between foliar carbon isotope composition and elements of C; species in grasslands of
Inner Mongolia, China. Plant Ecology, 2016, 217(7) . 883-897.

Dijkstra F A, Carrillo Y, Aspinwall M J, Maier C, Canarini A, Tahaei H, Choat B, Tissue D T. Water, nitrogen and phosphorus use efficiencies
of four tree species in response to variable water and nutrient supply. Plant and Soil, 2016, 406(1-2) . 187-199.

Koerselman W, Meuleman A F M. The vegetation N:P ratio; a new tool to detect the nature of nutrient limitation. Journal of Applied Ecology,
1996, 33(6) : 1441-1450.

Cernusak L. A, Winter K, Turner B L. Leaf nitrogen to phosphorus ratios of tropical trees: experimental assessment of physiological and
environmental controls. New Phytologist, 2010, 185(3) . 770-779.

Do MRk, EEM:, FhE, BA R, ERL FRER LR 80 C 5 A B AR R R, R A AR, 2008, 19(5)
1166-1171.

http ; //www.ecologica.cn



2224 JAE = 40 4

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

LiJ Z, Wang G A, Zhang R N, Li L. A negative relationship between foliar carbon isotope composition and mass-based nitrogen concentration on
the eastern slope of mount Gongga, China. PLoS One, 2016, 11(11): e0166958.

T, ThE, EXE, TEE, FoKE, REH. IR F AR A S R @ RTEGN. sl Rz ARFE
2011, 35(4). 13-17.

WL, ¥, MPRE, B, BrRde, HEAE. BT A R )2 S A LR . ROl R AR HAA
BL2ERT, 2016, 40(6) ; 9-14.

REE. ERIRMER N AR A W R VE S B A B RO AT 5 AT D] r AL R RO R, 2014

Feng X H. Trends in intrinsic water-use efficiency of natural trees for the past 100- 200 years: a response to atmospheric CO, concentration.
Geochimica et Cosmochimica Acta, 1999, 63(13/14) . 1891-1903.

Elser J J, Fagan W F, Denno R F, Dobberfuhl D R, Folarin A, Huberty A, Interlandi S, Kilham S S, McCauley E, Schulz K L, Siemann E H,
Sterner R W. Nutritional constraints in terrestrial and freshwater food webs. Nature, 2000, 408(6812) . 578-580.

Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30) ; 11001-11006.

TR, Tothn, 2H0, %, IMREL P EZRIBE IR B SRS 102 M EF R iR A B T 22 G, AR
2#4R, 2012, 23(3) : 581-586.

PR, ThE, BN, M, R, SRV, 2R, MR E, AT, XIEBE. 9 R AN AR ) A A AL B T 2R . T I
7%, 2018, 35(1) ; 207-216.

S, T, SR, IS, KT, FIF, AR, TEEOR. P ER S B 5 R WA B AR LA R RE. BRI, 2018,
29(2) . 380-388.

Talbi-Zribi O, Slama I, Mbarki S, Hamdi A, Abdelly C. Differential responses to phosphorus availability in the halophytes Aeluropus Littoralis,

Catapodium rigidum, and Hordeum maritimum. Arid Land Research and Management, 2017, 31(3) . 301-315.

http ; //www.ecologica.cn



