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Ecological stoichiometrical analysis on the strategies
of utilization of nitrogen and phosphorus in
Phragmites australis and Spartina alterni flora
in Chongming Dongtan wetland

ZHAO Mei-Xia®, LI De-Zhil»2:3* , PAN Yu3, LU Yuan-Yuan?,
GAO Jin-Jin®, CHENG Li-Li?

( 1. Shanghai Key Lab for Urban Ecological Processes and Eco-Restoration, East China Normal University, Shanghai
200062, China; 2. Tiantong National Station of Forest Ecosystem , Ningbo 315114, China; 3. Department
of Environmental Sciences, East China Normal University, Shanghai 200062, China )
Abstract: N and P contents and N : P in different organs of Phragmites australis and Spartina alterni flora and hab-
itat soil in the typical plant community in Chongming Dongtan wetland were measured. Based on the seasonal dynam-

ics and the strategy of N and P utilization of the two species were analyzed using the theory of ecological stoichiomet-
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ry. The results showed that the contents of N and P in the two species differed significantly,and the order was P. au-
stralis>>S. alterni flora. The contents of N and P in different species and the different organs of the same species dif-
fered in course of plant growth. The allocation of N and P in different organs of P. australis and S. alterni flora was
in the order of leaf>>stem™>>root. N and P contents of the above-and below-ground parts of the two species, was in
the order of May>>September>July. Accumulation of N and P in P. australiswas higher than those in S. alterni flo-
ra. The contents of N and P in the above-ground parts of the two species differed significantly. N contents in S. al-
terni flora habitat soil were more than those of P, australis. Only in May, soil P contents in S, alterni flora habitats
were more than that in P, australis,but in July and September, soil P contents in P. australismore than those in S. al-
terni flora habitats. N contents in leaves of P. australis were not significantly correlated with those in its habitat soil,
while P contents in leaves of P. australis were significantly positively correlated with P contents in its habitat soil.
The N contents in leaves of S. alterni flora were significantly positively correlated with soil N contents in its habitat
soil, while P contents in leaves of S..alterni flora were not significantly correlated with P contents in its habitat soil.
The N ¢ P ratio in leaves of and S. alterni flora had no significant correlation with N,P contents and N ¢ P in habitat
soil. At the early and last growth stage, N : P<C14 for P. australis, suggesting the growth of P, australis at these
stages were N-limited, but at the fast growth stage,14<N ¢ P<C16 for P. australis,suggesting the growth of P. aust-
ralis at this stage was N-and P-limited. For S, alterni flora,N : P<{14 in May,July and September, suggesting that
the growth of S. alterni flora was N-limited. Generaly, the primary productivity of P. australis and S. alterni flora
was N-limited at most cases.

Key words: Phragmites australis; Spartina alterniflora; contents of N and P; seasonal dynamic; habitat soil;
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BAESREEFRTREFOHR B AL
Bh% 90 60 3 BRI 2 — (3K 2%, 2002, b Strib-
ling,2001). HYREBHATREYRERNEE
FW Y ERESREREFR TR MR 2R
R PERF L B P& & ' E W /E (Keddy,2000)
7 2 (Phragmites australis) #1 H 1 K B (Spartina
alterniflora) B AR BB P EEZNHLIED.
FEHMERLT A EMBEE— R Frh a8 5w
1B I BB 7 B3 , T B AR K B ) — R % s Sh M vk B
BORMAESENYE, FEREE DA MBS,
BB THIAWGETHEHNBENHEESHE. R
HEREMERNRER TX—ESHRETER? BER
JREATREREZ T EM (HE, Z X T L —E
EEFTENAARBRWERITERPEFESR
KB E 2z —, B EE X F#ITERA .

FAREMESRREH . WEREREER
FEREZ - HUENBREBEARUREYREE
304 A I AR e R A B B W B A Y
MARK FEEHURESRENREE. BB
RAVBRMNEZEHARR S REYREMTEINTE
FILEHNREERCE WEEBRN L EA™ AN
FERGEEER. ERZHEEHETRE S, EM
BEMEYAKNEZRH TR, HEY RS MG
% EE/E f (Vitousek % ,1991; Niklas %, 2005;

Chapin,1980) . T JLAF R B B 50 AH 1 & B8 3t 4
B AEHO IR AL 27 1 3 o (10 £ PR 400 o ) D B KO ot
Cff 3 &% , 2001) AL MO 3 2 A5 R LA 9 T v
MIFR TR YR AFL O B % 1993) s [ B
KEERTRAEEYBRNNTREEY RS
b, B TR ERMBERN LK R MK
e B R R AE IR LB A A ) NP B 3¢
RESENETRURESERE (HEESE,
2006), EWES ALK IA LY KT AR EE
BrEMmBEy s N P AR FEYATE
R A B A NP S B & N : P52 RE A3
BT FE . (B3 T 52 i 10 s 4 ) B VR P A O A RERY
N.P Ry N« P RHES 1% NP X
F 07 T BB ST D T 3K R T A B A b A )
ERASMBEKAESKRARFEFEERRME
Bt 3T, AR SCLLSR W AR R TR S A ) T OB P R
EMEEKREMBAT AR HRTRAEDE
HETHNPEFEN: PRENFVHEUKS
S LK NP IR R L SFEIT RS
RIRESR U T ML I 3 4T » B TR 3B R R AR AR
FELY) ELTE K B RN B AN A A DT 2 R BE XS NP
BRI R 20 B R RS AT LA K 3 0 B AR B
HHAKMESTEZIBHEZERTRMR
. BFIEGRX Tl — AR R MR o B 4K
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BAMFEMBEZENESKAULSELERNEHE
RAESRGERE —E M HIS R MNE.

1 BRHAKEGHFRF &

L1FARXER

W50 KALT b T 5% B % B o B R DR 3t
(121°45"' E,31°30' N). R BALEAHBEKK
5, SRR, AF 3 H BRI B8 2 138 h, K H AR ST
BH 4300~4 600 M] «- m?,4EHSKENF 15.3 C,
BHAHART~8 A, A - HRB L 26.8~26.9 C,
BYAAN1~2 A6, A EHRRES. 0~3.9 CZ
5. £FEFHEEP N 204 A4 . FRERT.Z
HEPHRETH &R 1 143, Tmm, TEEFE 6~10 A
i EFBKERBHER. REERFANERE
VEN;LFRKEE/N, HERELEX., KRR
ML RILRARE O, B REMELRE, BKILO
HMERK REECEMNT DEEY MR, &
3 B LA Wl £ ) B 5% B 2R 4 iy o e 1o 9 O 2
Py, R BIKIL O AR R W, 2R
MEERPSMYEIR IR AP TBREN
SRR BRAG X8R, B2 3 A R W B B X
B. 2001 FFIER S AL = H R BRI A 4)
WEEREERBA R, 76 TAMBHRAEY EE
FHEECELKE. B =K B FE (Sarpus
mariqueter), WA EH A F¥F (Imperata cylindri-
ca) B & (Suaeda gtausa) KM & B (Carex scab-
rifolia) KT ith BE ( Juncus setchuensis )% 2 2 /N3
BRAGMEY. REE®AE 199 EAL5IME
TEA B, HAL A B LR M B My 8, BRI
HEAEDRNAREAS 2RSS b4
B ERE, FAH - SN MR RS
FERMAHE RERT, AAC Ko X
BERPRE BT B
L2 #RERE

fEXAARMER R A X RET R TN
EHG. ERELA N EBERIKE HE KK
HMAEEMEERERBERARN KFRAART
ROHMEHEARRK JERAEF R . EEBIMHREK
WaHIRES 10 mX10 m FHT . %% S H.7
.9 A#GRE, AHREEDERNE B K=
ANEY, RAVITRER, EE 3R BA ARG
FERHETHRILER 141 mX1 mB/MET %

Fodth b T4 B & SR I SOIR 35 57 b g X B1R 48, 304
o R AIZEAE, A R BIREE. BRI EHYIM
HAZH O0~15 cm WEMM T Y. HEENR 2
em [ 35X A8 P % BB R 2 1 (0~15 em) BUEE,
HITAERYEAZKEESLE W B, HLE
.
1.3 BmitE

HARFE YR 2 W AR R R HRFE,
HE R ENEYESBETRTLE  BERET
PAE A 105 CA&HAETHE 15 min, RLE (- #E 5 b B
MES . RE . HHEYHERES CRAETHRTEE
HoORBAHAQ mm), HEERAEIREHAEE
KRG, B BER B L mm), XFHESH
ASTE R AL F0 A S 0 AT 3% 4 T B, FHR 75 A A 4 2
IR, K AR MERLIG L, BRI 0. 2 g FE 404 A
OB 21 0.0001 @) HAREME , BEMA 5 mL ¥
BLlR PRI 2.5 g BERGN /BRI (3% 10 : 1iIRH)
AEHR A3 CTHAIWLWABHEERBAS
BT OXE PR EE) €45 A5 KA Skalar(fif
2) WEHES AT G TTRBEE .
1.4 @ E

G it 4> 47 A spss18. 0 G it B 4 F1 Excel
2003 ¥, R 7 £ 257 (ANOVA) H i B R B L0
REBRNEERZELBLSD RS A KA E
VARG NP EEMBMREENEZ R L L8 NP
HR. FE, T R &R 530 + 5% K
FEHEAT Pearson MR T, T B B EHRE
BN EAKERNEEEKUR T EER K=
ABHH NP ERIE, EESHENERREY
F NP WA ARG RES LRATHXR,

2 HERELHN

LI1HEKEMAENPESREN: PHIE

¥5 A THO ABRENEIAKRENEEM
BEBEHNPABMN: P EYEH#ITELER
BGERD., 21K E#HRKA L FARRERR
B EAEKRER S ES N.P TENEBFELER,
FEMELKREHMEF NFREFAEBEER (P
0.05),PEEBERABEP>0.05;2 i Xt
NEREFABE(P>0.05),PRIEEBENE
H(P<<0.03), HN\PHEEXRIAAFESHAK
H2MEYRP NP IESEERAEE (P>
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0.05), MEMELKEEF N: PHFEREER
(P<0.05,BEN:PEIANHEESHIEKRE 2 f
Hynt R AR N: PERAREEP>0.05), N,
PRERAEFFEMEEREARBFERN AT
HHA>ESR, FEZEF N: PEFA4<N: P
<16),m fF# N: P BfE(N: P<<14),N: P £
EAFASETHAGBENESHRSH, GHEKE
HEWETN:PH/NF 14, N: PEELEKRESSE
HHRASHAEENTSZESR, FMEMEHEXER
EBRESIINEEERAREF (P>0.05),H4%
HRITPEEMN: PEEEHZER (P<0.05),
HYEREPHNPSEEREHE MK
MAEBESHENMENSTREREIERESRE
. £ 18R, FEMEAKEMEEN NP TEN
BRANFEBEEFEER. FEMBLERESRE
N.PEBERMMEEAR B, Y2 B ot FIE
BN PEEFTRY . BHATREDIHTHAEM
28 B S 2 AT B AC I8 B B B B B A, X NLP IR K
REEIL. M NP EEEE; MALREYHZX
KA MRK R E N0 UH#HTEEEH, B
HZEF N PEEBOUESGUETFTHFRHEE) MR
EHYMICEBIE NIRRT RTENEES
. HEAREAHAE N.PHEERAKBZHINS
EFHEEMSE S, Bt KA S H# NP & & &)K.
ARHEYHAESET P S EHRM, XIS P
MAEEERAEX BN P EEUBBRRE FREL
YN REE THEYAL S RS R FHKE , 31
KEH,MAERRET THE PR, AT HEY R
WK P FAlH P P EEHREMK. 4
BaTH , Xt B R B 0 b Fi R 34 NP TR M
BEBRHITHE GREVAFTESTIEKE,
22ERXEMEE NP EHRARBHSHSAL
HAEKREMAEEARERNHN, SHEH
HYBARLBESSEE NP TENTE SHMA
A AEERBKREBESE NP TENHRR,
EYH NPHREE-RFIEEATFRABENAY
BEREN, HAARRSEZEMSEERERTH
PEBEN NP TERERENAR (8 MBZ,
2009), 5 H. TR .9 HBEEKRERNS ELERE
MNP LERZEEA N: PHEHESTEZELEK
(£2), R2ERRW, FEMEILAES iy N,
PHREEZHE B FEMHZF(P<0.05,M N+ P %
BAREFEP>0.05), 2 FHEYEPFRPH NP

HERBHEREXER(P<0.05), MEMMBP N: P
ERMHARBE(P>0.05), MEMEIEKESLS
HAWN.PHREYE B EHERP<0.05), M &
REAI N PERHAEEP>0.05).,

X1 EENEAXERERENL IR
EFHEE (ng-gh
Table 1 Average contents of N and P in different
organs of P. australis and S, alterni flora plants

Simezts gfgﬁn N P N+P
BE M 11.464+3.69a 1.10+0.47a 11.81%1, 26a
P.aw 2% 6,91%£1.67a 0.52+0.21b 14.9941.80a
stralis 5.784+0.59a 0.5340.16a 11.93+1.08a
&3 8.07£3.73a 0.6940,40a 12.84+£3,71a
HFEikE i 9.67+£2.67b 0.91+0.19a 10.72%1.96a
S. alter #%  7.2142,12a 0.6940.20a 10.4911.69b
niflora #  5,36+1.3ta 0.5740.11a 10.18+1.10a
43t 7.28+2.82b 0.7140.25a 10.44%£2,25b

H: 2 b RREO.OS AP EAFRRAFRAAEERER. &
BRI ERFHERAERE, TH.

2 APENERXEEKNPHER
Table 2 Accumulation of N and P in different
organs of P. australis and S. alterniflora plants

S’(pﬁfits Oafgin N P
mE M 30.5749.04a 2.73+1.21a 11.81%2. 26a

P.aw %% 30.3849.49a 3.531+1.62a 9.71%3.11a
# 13.3643.29a 1.2140.39a 11.94+3.07a

& 24.0119.88a 2.39+1.4%a 11,2142, 96a
H K M 17.414+5,50b 1.54%+0.41b 11.35+2,08a
S. alter- % 15.12+4.63b 1.3110.40b 11.60%1.87a
niflora B 7.06£1.90b 0.7440.23b 10.18%3.10a

&1 12.7246.14b 1.1640.49b 10.98+2.49a

N:P

stralis

LIERAEMEE NP UFTHEHE

231 FEAEENPHEST T/ [FH—MYW
AEH/E— MR E KT EFRTERRE,
BEMLAA AR TR RBEE B AR — B, Xt
EETHYEREERTREIENERAENE
o NEKZEWEHEEMBERE, B EHEMF
ERNZTEEFETEUREREAMEA,S AMEHE
WNESEER,7TAHNERERMK BSEHFA
AP NRESARAZREEP<0.05), 5 A2
Y AR, XA B BT T fR A B A 1E
B R E B, H AR R A ) N EH] L R 784
AR W o AR AN NS B A —F R &
KAE;T A E#EAEKES, — 7 HE &N 8
NZgREMM, BT HEHEEHEY O ARA K
EYENRE AAN N RO RERBRN. NG



6 BERES  BUTRAEH A E R AR NP AR &SI 5 B 447 719

BREEEEMIANMEYERETN N FEMLL
F7HAAEARFRERMF &, et AR S1ER
PLEERSS A8 N RFI 2R,
FEERSBREN P FEXMABARMA
(E D, FER ZHRGH P SREAGEBEE
BEERP<0.05, EBREPEFRERS AhEE (S
NEZMBFRELD . 7 A bk ARS8, M
BRI P Z KB A, 5 B[R B E & A 0 A
HERAMEMENRE AANY P RUEHRE.PEE
BEEEREHEAIA FENPFRLH—ER
FERISE N, X2 B Tk AR I b S YEAT LSS, &
W PEMAERD, FERNP SBERFHS
B EEEYNARAEETBMA,7 ALE P&
BATRSE.
2.3.2 AR AREBENPAELENET 4L
AEARFERKEHPN  EAEKREEBEPINTE
HBAETRAEZHEMGBEE. SAGESEESD
NEEXFEE(P>0.05(E2)., 5 ARBEMN
NESEABEEME P, b N &5, RS
NEERK. X—W#HEYH EBIFHER,H
BRARKERMRE. BARFRUH N ¥R BEEK
AR Y EYRORD, B N ZEHHEB
BMABE RERKMY N ZERZAHF THKKE
W. 5 AR . BEMYAEK AR, X N ZHF
MR, AR D ES M, MK BERN N Rk
EHmRE AYSSE NSEFHETRE Bk, £ 7
HRBEME. 9 AHEEESFEN N FELIAR
BERSN, MEMRM NSRUBETRE., HE
R EMERSE N S ERAMEHE.
EEEREHAEKYS . EHEN P SEYK
Br MESHSENERKREATHIT.PERETAZ
BTHRERMFBTREE 2., SFHHEGFP
FREFBEP<0.05),HEHEFEHHAES A
A P PEELRETFEMRY PH&E;ZMR
FPEESARMEREREEP>0.05,
2A4EEMERLKEN: PRHFETHE
FEMN:PHHEMETAL, & ¥ L3
SHN: PHERERKPAK/NN: P<14),5
B REERKFEAEEBE,N: PEEGRABEY
B BB, R N 2 P>14, MEH#T I
ST HK N PARHEMAM. FEEHEDN
AKEE HTHS N: PEFHEMHEN: P
KANF 14, MAEKN: PREEFEHYHEET AXT

LI -
gl a EZi1
Csi )] e/l

N& & (mglg)

Bl MEMYNPTESENENTEMLNP
ERAEMERE AR A 5 E 2B BT R ED
Fig.1 Seasonal dynamics of N and P contents
in P, australis plants
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Fig. 2 Seasonal dynamics of N and P contents
in S. alterni flora plants

4, e AMNT W@E D BEHFHAM N: P ZEZE
REBEP>0.05, HHAEE T AEKIESFA,
% N.PiL[RIBRE , M 7E 5.9 AW E R MEK
KBint, 32 5| N FR#

HAEKEH EESMEEEAY N: PEXH
HMERWAEE(P>0.05), M THS N: P&
AZEEREEP<0.05 (B 4), BHEKXKERE
AN PH/NF 4, BB EERERNAERKEER
NGRS . Ho LM mmwEiEEs ARz
6] N: PASfLiahd/h, H5.9 A N PHEBHK,
7H N: P RRERD.

LS AEMEUXKELERE LR NPRERNPH
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Table 3 Seasonal dynamics of N and P contents in the
habitat soil of P. australis and S. alterni flora plants

W Af :
Species Month N P N:P

oS 5H 1.1740.12a 0.4640.02a 2.50%0.34a
P.australis 7 0.84+0.04b 0.3910.03b 2.20+0.21a
" 98 1.00%0.32ab 0.4140.04ab 2.43%0.20a

58 1.414+0.16a 0.4840.03a 2.9440.14a
7H 0.90%0.11b 0.37240.02b 2.41%£0.12b
9 H 1.19%0.21b 0.4140.05ab 2.96%0.25a

HiEkE
S. alter

ni flora

FEAFTHENNPSRESHEHERE®HE
F(P<0.05), HF AR 8K NP RS
HEE, T A BEK. EHEKEER LK NP
ERESAEEREE (P<0.05), HAEKNES
FEERELTE NP SEAZAMEMMU AEKS
B OEREEERAGBTIENSBYFTHE

TE MEAEKRELEELEPERAES AT
EERTBE HECAMHKTAELEELEP &
B, PEEARTEANNPESAEZFHAEE
(P>0.05), HFAS £+ B|ARMN:PES ARmE .7
ABAE. HAEKEAE M N: PES A YL
BEHER (P<0.05), KM EMEEER L
N P AL LA,
2.6 AEMEEKEMH AR NP MEE L NP
ERMXEA
BEAMKAEMEEREY FMAER L5
N.P & & & 545 W E B H # 17 Pearson XM 4
B @& REH,FEMEHEKRETRF NEES50H
PERBZRYERBEEMHX, FEHAF NSRS
M N PEAAEHARE P EEEHA N: P
BREEAMHXEO;EHKREFRF N P&
S5HEN:PHAEHABEGED. FEHAF N
BES+ENSEMEAEABE  BAKEHF N
BES5TENSEEREEFEML. HENHRFPHE
BES5+HEPEEEEE LM, EAXETHFP S
BES51+HPEEMEEARE. HEMEEXRE
AN:PE5+HENPSEULLHN: P2jEM

 REHARE.

3 ZhEi®

3.11%i¢

(DERW 40 MERHEY HH NP FEERH
WA, Hp N FEZATEER 6~20 mg« g', P&
BETTERE N 0. 2~3. 3 mg * g' (Koerselman &
Meuleman,1996) , ZEARWPFTH, FEME KA
ERZFTAMA NP SEYELERN, MESE
MEAEKRESSE NP SEB M TA B, )
M>ZE>R, XHEZMFEBBEDESERNESR
VIVE %735 1D K

QOEYAFEEM NP EE2HTMh, AE5E
EEKN.PHEFHLAL. R S5HASEMRFL.E
KA R B A8 /1A % (Baldwin %,2006), X
AR IR T YR NP R B i SRR
Ry, MY EEMMAERTANERERE £
YIE/h, Y NP IRESE, Ll T L3
FeFIRD T A4 B NP IR B L B0 s BB #
AR AN HE BB B, A W R R A, X N
P RER K, et E3 0 NP R E BN
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R4 BFEHRBNPRESHENP SROALY

Table 4 Relationship of N and P concents in between P. australis leaves and habitat soil

B A N MK P R N:P +iE N TP 1THEN:P
P.australis Leaf N Leaf P Leaf N: P Soil N Sail P Soil N: P
M N Leaf N 1. 000

MH P Leaf P 0.842%* 1. 000

HHENtP Leaf Nt P -0. 199 -0, 662 * 1. 000

+H N Sol N 0. 493 0.652 ¢ -0. 338 1. 000

+HP Soil P 0.461 0.578 -0. 367 0.853** 1. 000

+HN:P SoilN:P 0.404 0.530 -0.171 0,901~ 0. 550 1. 000

* ,P<(0.05; * * ,P<{0.01, FH.

£S5 ERKEMHAT NPRERTHE NP SROEXMS

Table 5 Relationships between N and P concentration in S. alterni flora leaves and habitat soil

HIEKRE " H N mhH P ith N:P +H#N L P THEN:P
P. australis Leaf N Leaf P Leal N: P Soil N Soil P Soil N: P
MHE N Leaf N o0

M P Leai P 0,805* * 1. 000

B N:P Leaf N: P 0. 507 -0.090 1. 000

+HE N Soil N 0,719* * 0.534 0. 385 1. 000

+HP SolP 0,573 0. 205 0. 566 0.743+* 1. 000

+HEN:P Soil N:P 0.438 0.580* -0. 059 0.652* -0.014 1. 000

JOF B4 2 0], B B — 4 P B R (U K %6, 2008) . A1 T
Mo EERAr NP MR 3RE, e Y4 KT gt
B AR % NP Bl B4 WTT S BUE & N.P i
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