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Abstract; During the past decades, the dynamics of water and nutrient availability in soils, induced by rising sea levels
under global climate change, have been projected to have profound effects on coastal ecosystems. Stoichiometry is the study
of the mass balances of multiple chemical elements in ecosystems, mainly carbon (C), nitrogen (N), and phosphorus
(P), and it analyzes the constraints and consequences of these mass balances during the ecological interactions.
Understanding the stoichiometry of plants would help to assess the nutrient use strategies under the changed soil conditions.
Three shrub species, including Tamarix chinensis, Periploca sepium, and Ziziphus jujuba, were selected to study the
stoichiometry during the growth season in the Binzhou chenier island and wetland national nature reserve. The three shrubs

were dominant species growing in the national nature reserve. The study was conducted from May to October in 2017 and
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2018. We established five 10 mx10 m plots parallel to the coastline for each shrub species. At each plot, ten healthy shrubs
were selected from each shrub species to collect the leaf samples. We collected 500g leaves from four compass directions and
analyzed the foliar C, N, and P.The results showed a negative correlation between the foliar C concetrations and N, P
concetrations. The foliar N concetrations showed a significantly positive correlation with P concetrations. The averages of
foliar C concetrations were (399.65+2.66) mg/g for T. chinensis, (424.32+1.59) mg/g for P. sepium, and (437.47+
1.08) mg/g for Z. jujuba during the growth season. These were lower than those of the national (455.1 mg/g) and global
(461.6 mg/g) levels, and showed a lower carbon storage ability of the shrubs under the water—salt stress habitats. The
averages of foliar N, P concetrations were (30.14+0.26) mg/g and (1.81+£0.03) mg/g for T. chinensis, (23.18+0.38)
mg/g and (2.06£0.04) mg/g for P. sepium, (27.36£0.49) mg/g and (2.01£0.03) mg/g for Z.jujuba. The foliar N and P
concetrations of the three shrubs were all higher than the national (N :20.2 mg/g, P:1.46 mg/g) and global (N :19.3—
20.1 mg/g, P:1.11—1.42 mg/g) levels. The foliar C :N :P ratios were 246:17:1 for T. chinensis, 224:12:1 for P. sepium,
and 237:14:1 for Z. jujube, which demonstrated that T. chinensis had higher adaptability to water—salt stress than P. sepium
and Z. jujube. The foliar C :N :P ratio was mainly controlled by the foliar P concetrations. The foliar N and P stoichiometry
indicated that the growth of T. chinensis was limited by P, P. sepium limited by N, and Z. jujuba limited by both N and P
potentially during the growth season, and that niches shift of the three shrubs may partially avoid direct competition for the

same resources, thus improving the possibilities of different species coexistence.

Key Words: nutrient limitation; stoichiometry; seasonal fluctuation; water-salt stress; coastal wetland
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1.1 AR IXHEN

AR5 XA T I V2 ) P i i A L0 AR A Te Rl EL LR A2 Y0 A AT N DL e 3 15 S5 B b TR R 1 SRR X I,
P FRZ R 435.4 km®, ARYIXE F B2 s AR W 2 KUK B M 2 B A, TR B, B E TR
R, BB R MET AR 12.7°C ,4F H BBETEL 2800 h, ZAE M 0 560 mm, Z4F FH4EE &7
2y 2400 mm, ZEFE AR 401, IRKEIRE =Y

WFFE X T AR A 8, 32 ) 3 2R DL 520 2Rk 2%, DD E R 1.0—2.5 m, R85 X
TS ot D52 AL AL, 2 £ 3 (0—40 em) FEAE 1.26—1.41 g/cm’ Z [H] 5 = R BT & Eh A i
MBS R MR AR R TR 1 C NP S SRR, TIEFR B Z (K1),
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Table 1 Soil characteristics in the study plots of the chenier island

. A Frih X A ey
Pt G EEEE i A W
Bulk density pH Salt content/ Total nitrogen/ Total phosphorus/
Plots 3 Total carbon/%
/(g/cm’) (g/kg) (mg/kg) (mg/kg)
28 Hightidle line 1.38+0.06 7.94+0.07 5.53+0.52 7.12+0.41 97.01+7.52 221.84+10.33
M4 Dune crest 1.33+0.04 8.37+0.27 1.29+0.11 7.01+0.27 417.24+48.13 398.39+88.67

1.2 HEMBCE S

ARG DL ST & 55 10 [ S0 F AR PRAP X N B E - 5 1 Je (T 1) o 7 R 5% P TR R sy ) 2
PTHEET 2 2 AT Tl R RO . R AR 40 ST 10 mx 10 m BIFTMN ( Periploca sepium ) TR 4 ( Ziziphus
Jujuba) FERBAS 5 A 5 LMV EE 37 10 mx 10 m AYAEEMI ( Tamarix chinensis) FEHL 5 4>,

PRIV 1 0L T DL SE e g 2 e , 28 B 4 A T s BEA 2 I — AL A B B 1.3—2.5 m, #81% 10—20
a; HENT LATH #h B ARy 32 BEvR W AR D BEVE W BETE 15% A A o FEMIRETS 5 DL T DS SR EEF 1) o 0] by 5
FLAIDSEME—GERERD G BT 5 2 SRR A S 0.5—1.0 m S 5—8 a; SLAERNZ 1 T 5 09 REAHE
Yy ;s REE D RV T BT 35% /i TRAREVE — AL T D52 SR IMEAT 2 1 A0 3t 3 10 DX, = A 3
T CH DLV A TR AR A BERD B LA SO RN R 5 (Artemisia carvifolia) 5714 (Artemisia mongolica)
SFRERY) I S ARSI A S 0.5—2.0 m WIS 10—15 a; REVE IRV ECEL . BEVR S5 BETE 45% 204
(£2),
1.3 FEAhREE

BN PR K R4 KB IRHREA 3 Bk TERHRRE R AR 78 AL 4 D71 o3 iR AR
K R HAGARTEA M IR G2 2 500 g E 8 — M FERh . 2017 4£H01 2018 AR K 2= (5—10 ) 94 A
FRLERAERE S BRI FTHD R AR AE 180 MFE M, 2t 540 ANFES, . I BESh T IE I % 9 2B KT Uk,
HERINKEIR SR, FIFHMEAE 105C AT 30 min J5,85CHt T 26T, I MR I TIRE DR B i
0.2 mm 3 ,ﬁ%ﬁ%iﬂﬂo
1.4 FERIE

PRt R I E C NP &R, o SRAIDCER 20 (Vario EL 1T, #8 15 Elementar 23w ) I % Br A7 4
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Fig.1 Location of the study area and the sampling plots
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Table 2 The community characteristics of the sample plots in the study
REvE 1Y
FREFE bR Communityclassification
Characteristics PEIRERS FHIRERS RA R
Tamarix chinensis Periploca sepium Ziziphus jujuba
HEHERARRE i /m 1.93+0.75 0.75+0.25 1.15+0.55
Constructive species’characteristics ek (mXm) (1.8+£0.4)x(2.1+£0.3) (0.9+0.2) x(0.6+0.3) (1.1£0.8)x(0.9+0.6)
HAZ/em 5.5+0.5 2.6+0.2 4.7£3.2
¥/ a 15.4+2.4 5.6x1.5 14.3£3.6
T 5 Coverage/ % 15.3+6.5 35.2+3.2 45.3+10.4
REEEER W51 2 o e aae SlE L E R DT
A 11 4 § — N n+v- ET Efngl%\%?E?\L%ﬁ b 4k IR s
¥ WAL FF Common co-occurring species LS TR AN SN SN < | TR T NE 8 S0 | B A6 TR 52
Wik e i RE LT

AXMI : Tamarix chinensis , ;i : Periploca sepium fig AL . Ziziphus jujuba , KAELE 2k . Zoysia macrostachya ,

5| ¥ Messerschmidia sibirica , — %M il

¥, Limonium bicolor , ¥ %5 : Phragmites australis , & W% 3 . Suaeda salsa, # & : Artemisia carvifolia , 5% 17 % ; Artemisia mongolica , % B %5 . Caymtia

japonica,?@%ﬁ:Setariu viridis,%% : Aeluropus sinensis , YhFTHE . : Astragalus adsurgens B L Cynanchum chinense , BAL AR . Melilotus offtmah

WA . Scorzonera mongolica , % 247F  Cuscuta chinensis

1.5 ot

%?éﬂ%ﬂﬁﬁ SPSS 13.0 i
2t ez A

N.P L& N H
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MFELA Gy A C NP S Z 22 R AR E (K 3), W PR b Rl — H O i 8dls & 9 8 —4 315 ¢
NP & R AA T Ui ARS8, RSP R{E PR ERR R ;2R Origin 8.5 #EAT AT,

R3 MREMEARMFE C NP IEFREEFEZERY
Table 3 ANOVA analysis of foliar C, N, and P between different year in the sample plots

HEIRILHR YFh J14 Month
Nutrient elements Species 5 6 7 8 9 10
C KWl Tamarix chinensis F 3.39 1.57 2.16 1.62 2.95 1.75
P 0.08 0.22 0.15 0.21 0.10 0.20
FLM Periploca sepium F 1.60 2.96 0.83 0.15 3.54 4.58
P 0.22 0.11 0.37 0.70 0.07 0.05
FRA Ziziphus jujuba F 1.83 0.28 0.11 0.35 2.45 0.56
P 0.19 0.60 0.74 0.56 0.13 0.46
N KM Tamarix chinensis F 0.00 0.18 0.37 0.17 1.32 0.07
P 1.00 0.67 0.55 0.68 0.26 0.79
FLMI Periploca sepium F 0.00 0.84 3.36 1.81 0.00 0.00
P 1.00 0.37 0.08 0.20 0.96 0.95
TR Ziziphus jujuba F 0.00 3.40 0.56 3.01 0.89 2.14
P 1.00 0.08 0.46 0.09 0.35 0.16
P &M Tamarix chinensis F 0.03 1.02 1.28 0.03 1.66 0.01
P 0.86 0.32 0.27 0.87 0.21 0.93
FLMI Periploca sepium F 0.22 0.36 2.02 0.04 1.20 0.00
P 0.65 0.56 0.17 0.84 0.28 0.96
FR Ziziphus jujuba F 0.02 0.55 1.09 0.10 0.00 0.17
P 0.88 0.47 0.31 0.75 0.97 0.69

2 ERES

2.1 —FEARI R C NP & &ERFHE

AR P R0 KT TR 3 FMERIEA M C & B SRR R BT R (E 2), K E C T ETY
B354 (417.69+2.48) mg/g.(439.16+1.72) mg/g.(452.90+2.46) mg/g. 5 HHMH C &K, 2500k
(399.65+2.66) mg/g.(424.32+1.59) mg/g. (437.47+1.08) mg/g;9 A Gy, M C & ik 2 KA, 7350
(434.99+2.40) mg/g.(446.90+1.45) mg/g.(462.22+2.41) mg/g;10 A4y, M F C & EHA Fr B .

AT BRI RIS 3 AL FHEAR T 7 NP & s SRR e N RS BTt ay kR If BN A 1y Z 18]
253 (B12,P<0.05) . 3 PR A N & & KB HE 505128 (30.14+0.26) mg/g, (23.18+0.38)
mg/g . (27.36+0.49) mg/g,P S FME 55 4 (1.81£0.03) mg/g. (2.06+0.04) mg/g.(2.01+0.03) mg/g.
5 A6r,3 FEAR N P it Z R8T T7E 7—8 AT B R IR AH ; Bl B E T

M C NP HFEZEZEREEMCMER L), SMEARTR CEEE NP STEZEE—E ALK
Z, MM A N 5 P gz a R B2 IEA K (P<0.01) . MH C NP &#7E3 M Az ZERTE(F 2,
P<0.05) , C & RN IRASFTANSEEM; N B it WA S BRAS AT P& SN AL IR AL 2 [R] T b 35 22
LNERTE SN i =2 8
22 SRR R CON P b2 L

AR ZE P AR KT R 3 R RE A Y C P CoN i L2 MR FRER#ESE (18 3) , 5—10
M0 KT R C <P B IS 91 R 246.27£6.25 224.21+4.79 236.87+4.26; C :N [Fitt L HE 4
W4 14.03+0.15 .19.6+0.37 .17.48+0.40,,
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Fig.2 Foliar C, N, P in leaves of three dominant shrubs during the growth season

NIRRT R AR Oy 85 AN RIE AR 22 8] 22 5 W 3 ( P<0.05) , ANRI/NG FREFR R[] — AR I 7S 6] 3 43 22 8] 2% 5 . 3 (P<0.05)

T4 =MRABEKRMHE C.N.P =218 Pearson 1HX 51T

Table 4 Pearson correlation between foliar C, N, P of three dominant shrubs

YIFh 24 R IR C N p
Species Nutrient elements
M Tamarix chinensis C 1

N -0.134 1

P -0.324"" 0.544 " 1
FLMI Periploca sepium C 1

N -0.406 ** 1

P -0.352*" 0.421** 1
FRA Ziziphus jujuba C 1

N 0.053 1

P -0.140 0.223** 1

% FoRTE 0.01 7K | Pearson BUMNH 56 i 4H G

EAKFYIG A) AP 7—8 H) K10 H) 3 P EHREARR C:P M C:N Fiit thZ ) 25 5 i 3
(E3,P<0.05), 5 H4r,3 FESMEAM C:P M C:N G L EAL, 49k 184.70+10.86 F1 11.45+0.29 .
168.83+4.63 F115.15+0.45 .165.01+5.21 114.27+0.26, 6 A{yLA)J5,C:P M C:N & EE FT-,7—8 Hik
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B KA, 43 910 289.99+14.07 1 15.42+0.28 257.48£6.57 1 21.97+0.73 ,267.68+10.58 F122.13+1.30, =2
J&,C:P FIC:N Fif R,

WD FTHD RS 3 M HTEAR LM A NP i S IR R AR b (| 3) . 5—10 H 3 iR
N :P FCEEIES 58 17.39+0.30 . 11.57+0.24 . 13.97+0.32, AEHI FRAE M H NP HAE 5 A Oy, 84 KIE
Zf 7—8 Ay B LT, 2 )5 N, FLMIn: A N:P et de 5 A frfie/, (AR Ay 2 [ 22 3K 83 (P>
0.05) ,5—10 H N:P FFHIMEAE 10.94—11.80 Z[a], P shilEE N,

MR C N P E AR 22 5 1 28 JE R AE 7—8 A A RKIEZR (K 3) . 3 FEARZIE] C:P LA >R &
SFLA (R E] 22 5N B35 C N LRI AT S FR A SR, N =P LL SR B A0 >R > A4,

320 | Ar Aa
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Fig.3 Thefoliar C, N, P stoichiometry of three dominant shrubs during the growth season

ARG FREFRR A G 85 AR RIREAR N R 2 8] 28 5 .25 (P<0.05) , AN [Rl/NE TR R —FhEAR I R AR A iy 2 18] 28 53 8.3 (P<0.05)

2.3 SFMEARM R C NP & 5C NP LA SCHE

M) FTA0 R 3 AMOLSAFEARM B C N PRI 50 C N P & AR 7E I A oM (0 5 AR R 37 43
Z AR AH SRR AR ANE (£ 5) o 3MEARMT AR C:N Filtb S5 C R 2R FEEME, 5N FEE
WEAMCCP S CFEERFEEML, 5P TEEREMMHCN P LS P SEEBEAMHL, 5N
e P
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x5 =ZMRBEKRMHE CN.PEE5C :N:PLt Pearson 18X 53 #7
Table 5 Pearson correlation between the foliar C, N, P and C :N :P of three dominant shrubs

LL R BIFILR

Species Nutrient elements CN cip NP
KM Tamarix chinensis C 0.623 ** 0.548 " —

N -0.844 " — -0.140

p — -0.887 " -0.857*"
FLHI Periploca sepium C 0.467 ** 0.377 ** —

N -0.952** — 0.380 "

P — -0.955"" -0.650 "
FRH Ziziphus jujuba C 0.194* 0.473** —

N -0.918"" — 0.678 **

p — -0.897 -0.519*"

# % 7E 0.01 ZKF | Pearson XUMIAG 5 B EAHC ; + 7E 0.05 /KF-_[ Pearson XU 45 il 25 4H ¢

3 it
3.1 =AMEARNM R C NP S ESISRFE

R C N P i S i 1R A A ORI B AT = A U DL SE R B R RN BRAC 3 bl SAEE AR
A C NP S EAFAERKNBREIEEZ, CouREMD IR N FEEE ALY BT, B Y AR KA
K, R e HGURIIE I, Y6 AR AR B ik ¢ SRR, 5—9 A6y, 3 FEAMF C &
B AR K R, X S A ST AR — 20 R R R TR, A L R R Y IR
TE10 A AERKZRB)E 3 FEARNM B C S8 T,

3FEARMN F C R B FEM TP EARBE LSRR ESREMEF R C FH & & (480.1
mg/g) P WAR T A E R A C &8 (455.1 me/g) P HIAEREE A Y A C S48 R ((461.6+32.1)
mg/g) " 3 FEARMXEARAI T A C i DEBHAE N = A Y DR S K SR AR B R W) C BT RE
89 TRiHARMAES RS, R C &8 DR s, FINNR Z , B A, Ua A i A AL A& LS 67 e =
FEAAYBNN X 5 EREAEY) C GEAFRE BRI e 45 R — 2,

FEPIAS [ A A B BRI JC R & i i 3, AR 5T b 3 FER I 7 N P & i 205 gl A8 5 Ho A i 2l
TRMAR I 5T 25 AR — 8 A KA A K 18, AR /N (B4 43 S 6E T i, 75 B K R R 1 TR
R M, 3 MR A N P SR R, AR R ], i R AR B YA VR AR A BR K AL A Y
i BN LA SCGE FROC R R B AR B AR B B T b NP AR 0 AR R R R AR AR
K, TR F2 0 MR F R e ) i R B 3200 % B Bnsn , AR T A K B0k, A RKIEREE
B C Fra, BRE NP & i, Ul 3 B E RS R 1 B 10 1 A= 3 s OR oke A N AR R 3X 5 LA 5T 4 R
#ﬁ[19-20,38] .

AR 3 FPREARI 7 N P 8K ER R 225 B2 Bt 5 N &8 5B E & T R
P SN ENTAN R, e — R A SRR T B L S S A R SRR | A
bR ETE, BN S REEZ I FE, R C S0 BT P A SR A P
JGE BN AR A N S RN AY Py X R 4 A A iR R, AT R A A
R EK R RR AR T B B P A R A T R AR R A R A 2R A A B AR TRl —
V5 BN R RPN TR 4 AR A R fh 22 i) ) AT FE 25 R W 3 FEAR NP AW Bk Ak 2m A S & A
T oAk, RS T[RRI TE S R TR AR AE KRR R GRRE

5—10 A {y,3 F#EARM A N P BE#R D & T2 EEG AR A (N :20.2 mg/g P 1.46 mg/g) ™ Fl4
BRAEAIM A (N :19.3—20.1 mg/g P :1.11—1.42 mg/g) /K114 3300 ly 2000 = £ W D152 38 5 Rk 3 i
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A b R B e e AR R R SR A S R R A TR R AR T 0 IR A AR
5 RNA FYIAH5E, RNA WA R 12 P " [HIE, 3 AR i N P & T4 [ R Bk K
3.2 Akt e R A KRR SR T E e

3FHEAN B C N PR S AR/, 2518 246:16:1 224:11:1 F1236:12:1,7—8 A 4y, EH{E 4>
SR 288:19:1,246:12:1 260: 14: 1, #f 58 AR T vy [6 A 4w AU AR A AR AE S R EFI T R A C NPT LE
(313.9:11.5:1) 8 DL R A BRFRARIM - C N PR (469:13:1) 8 ) 5—10 A 4,3 FEAM H C:P F1 C:N &
AR E R T A R LR SR S R AR R C P (313.9:1) Il C:N(29.1:1) i b DL K 4
ERARMRITF C 1P (469.6:1) Fl C:N(37.4:1) i LL ™ [ T b R A AR 4

I A B C N A C P HOEAEY)E TR IRCR A S AR 5E 3 FEARRAY C:N Fl C P L,
VI TR 53R AR AR TR AR MAE AR R G, (B I 1 2 i Y b R A A ) 9 53 4 AR 3 FEE R[] C
NLC:P FIN P FUAA 25 5 2 iy T H K R e A i R TRI TR, AR 3R 2 00 N T imit 56 | it 52 2
FIR A 0 RIS = By N P ISR € <N, 33150 IR 60 T 35 3 6 8 v T AT AR L

YA P SRS T FAPIC N P ALY . RNA 2AEWAHUAR TF P JE, RNA M I0E 51 & P
WeBE BTE,CoP NP ELRRED Y AW 3 FEAN ¢ F RS C:PL.CoN R B EIEMIE, TN P i
5 C:N.C:P N:P Z[H S BFERAME H P WRERB—REERT C N, KU P HFEXC:NPHLEA
FFEM(FES) .

PR A R %, T N <P FLAEG ;AT (ER A R R, TR B 5 ) NP SR b FEAR R F
MY RGNS ABAR A R R K, T B R AL R S LA B A, PR, 3 AR - N o P i eIk, ZE
KAEFNY 7—8 Ay, it e, AW e K (A A K R AL, S8 NP i B T A R AR,
R R R NP SR B R, 3 FEAR A NP HE RIS BT AE R A 54 K EUR R
VLAY G

N P LA A Y RS FRAR DU R WA B 6 52 75 50 BRI L i) R B FE AR it B S 360 DU 3 NP
BRI B N =P Il B A R Ik T AR iR S ik ) A KRG DG A 28 B AT R NP
XTHLYI RIS S5 AT BE A 2L A 48 /R VB, W o ORI Wi i A B VR DL RS R 58 NP Y 3% 45 PR il
P SHE AT YIRS R BTN (P> 16 B KA K Z PO RR N P <14 BF, 52 N PRl 14<N:P<16
i, ZF N o P —FhocaR BRI, s LRI BRI R U AR AR ST U N :P>25 B M A KAz P
B N :P<16 B, 22 N BRI AEFGE 5 N S8 BT 2 E B K, P S g T E R
SIS AR AT R A NP RS FEL 40 16.11—18.81,10.94—11.70  11.62—14.52, %
A T I (0 3% 4 BRI A o, BT — A P DL 52 3 S A 04 2 KA — e B 32 3 P BRI, AT A K 22
F) -4 N PR, BRI AR AT BEAZ 11 N P SR [E]RR A

P RALZ ) N P S EFRTTR A, G Ko RS SR AR AR W 2R DL R A W 1) A B A R 52
WA A K, IR NP e — @ R LR WA N P ORAS , (H I R A BE S8 4 v il S e B iRk A
RO, TBELE AR ZEEHAI T I RMEE AW > NP HBI(EZ 2R BT A KB B Ak DA KR
BRGIBELZFARMLEARM Y F250 BRGNS IS b i SR A v | DR AR 16 B PR3t 3% 00 75
R FAAAFMAFAEZ2F D % HIE N P ECAE A 37 43 BRI 2 RO AR B S TR, 23R8 N P fit
TR N P HEASREAE R H 5 75 40 BRI P A ME— S5 F ) ik o NP e T N P ERERIR SR AR
RYPFFIRBEAE R MR E R N P A RN R R NP R A K 2 8] N BRI, B mi i N
P R T AR Z ] PR

4 Zig
(D) A R AR BB, AP A KX IR A SRR ] R, B0 ATH0 RS 3 R ) C NP &
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RGN PR B AR ZE T PR sl . 3 FREEAR I N P & i T AR - 24 KF | 2 HOuH i R K 2R
30 AR BT RS N, AT RS R B A P R R K A N, TR R B e B N
T R R R WA

(2)3 MREAMEYIM R C NP S Z B I 5C N PICZ RN E A B P &8 5C N P IR
FERT CNUM T P23 MR C NP AL HERER £ 00K . AR L3000 5500 T, 3 B
A NP &8 RA R REITTRAR U] 3 FEAR R AL YR 2 A 300 K 2 T oAk s A 1 X [R] D 9 I A
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