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Soil carbon, nitrogen and phosphorus ecological stoichiometry of Phragmites

australis wetlands in different reaches in Minjiang River estuary
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Abstract: Ecological stoichiometry is the study of the balance of energy and multiple chemical elements. Generally, this
perspective examines the causes and consequences of elemental imbalances between resources, producers, and consumers in
the environment. C, N and P are key elements controlling organism growth. However, the relative needs of the elements are
poorly quantified, and dependencies between elements are not well investigated. These three elements are strongly coupled
in their biochemical functioning. Furthermore, the ecological stoichiometry of C, N and P is the indication for organic
carbon decomposition and nutrition limit.

The element ratios in wetlands, especially for the estuarine wetlands, appear to be more variable than other ecosystems
worldwide. Moreover, the studies on soil C, N and P stoichiometry have not been thoroughly studied. In fact, soil as the
carrier of organisms and elements plays very important roles. Therefore, studies on C, N and P ecological stoichiometry of

wetland soils will be favorable to clarify the available of nutrition and the cycle and balance of C, N and P.
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An amount of approximately 18,000 km of coastline in China is covered by an estimated 12,000 km® of tidal estuary
wetlands. These tidal wetlands are generally rich in animal and plant biodiversity and appear to have important
biogeochemical roles within the entire estuary ecosystem. One of these important tidal wetland ecosystems is found within
the Minjiang River estuary in southeast China, which is located at the transition of mid- and southern subtropical climate
zones in China.

Phragmites australis is the dominant species in Minjiang River estuarine wetland and distributes everywhere from upper
reach to lower river. Here we chose the Youxizhou wetland, Bianfuzhou wetland and Shanyutan wetland as the study areas
and examined the ecological stoichiometric characteristics of wetland soils in different river reaches and their indication. In
upper reach, the values of soil C/N, C/P, N/P (0—60 cm) of P. australis wetland were 36.5—51.3, 43.0—93.6 and
0.8—2.3, with averages of 44.1, 66.9 and 1.6, respectively. In middle reach, the values of soil C/N, C/P, N/P (0—
60 cm) were 15.8—21.7, 28.0—72.2 and 1. 6—4. 2, with averages of 17.6, 45.7 and 2. 6, respectively. In lower
reach, the values of soil C/N, C/P, N/P (0—60 cm) were 13.5—19.8, 63.6—125.4 and 4.2—6.3, with averages of
16.4, 90.5 and 5.5, respectively. C/N, C/P and N/P ratios appeared various tendencies among wetlands in different
reaches. Soil C/N ratios were in the order of upper reach>middle reach>lower reach, C/P ratios were in the order of lower
river >upper river >middle river, while N/P ratios were in the order of lower reach >middle reach>upper reach. The
variation of C/N, C/P, N/P ratios in soil profile of single reach was smaller than that among different reaches. Soil water
and silt contents were the key factors controlling the change of C/N, C/P, N/P ratios of wetland soils in different reaches.

Soil C/N and N/P ratios were preferable indication for anaerobic carbon decomposition.

Key Words:; carbon; nitrogen; phosphorus; stoichiometry; wetland ; Minjiang River estuary
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( Cyperus malaccensis var. brevifolius ) . B& ¥ ( Scirpus triqueter ) A1 3T JL4F 4F 3k A 12 09 H 16 K B ( Spartina
alterniflora) % | P25 FEHEANT OV X RIS A 43 A [ VTI00 1 B9 RRAE 6 BUA LT AME R H i, 0 N R IE AL
e H VT, By iat B A A | 6 R Bl 0 A A 5 I AR A AT 3 ) i 1) 2 B -
YOKBERAHIE (R 1) o SULRIy, B g Sl 1m) £ 4 i3 8 AR R 086 B, N 3RA TR i — S 24 B AT
YT R R A A A i R AR S AR R AR PSR A T BRAR A S S Ml

F1 ELA AR E- KK ERFE

Table 1 Saline-fresh water properties of Minjiang River estuary

- FHEK & Soil water content/ % T Soil salinity/ (mS/cm)
i}%?ﬁﬁﬁ o . e 2 o .
Sl depthy/em B B T Lk i T

Upper reach Middle reach Lower reach Upper reach Middle reach Lower reach

0—10 32.73+21.40 81.88+10.30 116.51+9.27 0.04+0.02 0.34+0.04 1.15+0.17
10—20 22.55+21.49 74.17+10.28 109.91+14.34 0.03+0.02 0.25+0.04 1.16+0.06
20—30 26.57+20.74 67.85+11.21 112.75+6.89 0.02+0.02 0.20+0.02 1.20+0.02
30—40 30.02+14.40 72.14+3.92 104.50+18. 13 0.02+0.01 0.19+0.03 1.31+0.06
40—50 36.87+12.67 71.41+10.40 104.61+15.19 0.02+0.01 0.25+0.07 1.35+0.13
50—60 41.81%13.62 76.14+9.44 96.68+8.09 0.03+0.02 0.23+0.04 1.38+0.04
SR Averaged value 31.76+17.39 73.939.26 107.49£12.48 0.030.02 0.24+0.04 1.260.08

1.2 EEHGE AT E

2007 4F 10 H AE M YT B E IR (119°16756. 2"E,26°02'57. 7"N) 1 i B b 0% Y12 #b (119°
31'42"E, 26°03'04"N) FlIF i Bt o MEIE Hb (119°3733. 4"E ,26°0147. 2"N) AW B HEATRAE X RE X
(10 mx10 m) FEMLIZHER 3 ASHIHAE I E R A LR H% 0—10,10—20 ,20—30 ,.30—40 ,40—50 F1 50—60
em 53 6 JZFATREE B B BAEH B E | RS, & HAANT S 100 B AL, SL8e . RIEA L
e 4= BRI A 43 R Y AR R A AN AL BTG AU (K- 370, B -4 7 ) IR EE BT L (3 (UV-2450, H A
PRy, AR A B A pH (R A LA I 52 ( DDS-307 Rl S A AT T 868 RIFREET]) | + I & 3R T)
FAATINE , R AR ATRAR ML (SEDIMATA- 12, 8 [ Az 7= ) 52 , 5K & AL A e, sesh, 135
PRASRATE T B 3 (BD CH, F CO, 772 ) ¥ 7 (BEFRAE i S AT ) D T R R0 0] i IR A 1) DR AR
EE MBS d, I TSR I B CH, A1 CO, oM B Bl 5 SR ) ] By 28 A e 15 H 7 Ak v 17
1.3 TIERRGE I

TR R (C) PRI AR — @ W (G 8 n J2) it (T,) T 015

C,=D,xM, (1)
Te= e xd, (2)
i=j

A, €, B ke/m® T, BEAAI N 10 vkm® DRSS i J2 M T (g/em®) M R ML J2 (R0 37 ik (/
kg) ,d, N5 i JZEPE (em)
1.4 Hdmatr

I Excel 2003 1 SPSS 13. 0 ZEi -7 Bk A0 I e A7 B 2, J5UhR idi (9 4 R ] Excel 2003 , %
T 11 AR [l B 250 AN 6] )2 3 C/N L C/P N/P 122 SRS 16 % OOUR 28 7 2290 Mr , 398k 0 i
FokE EREEN TS C/NC/P NP AL TR Pearson MG T, 3 C/N C/P N/P R TR
Y 2 H (mol/mol )
2 BREDH
2.1 R[EAT B b S R W e A DG

Bk R BRI A AR IR R L ORI B IR I (BB SR 0—60 om HIERR R BET
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ZINASEIE A B R 11.56—14. 72 ¢/kg 0. 28—0. 37 ¢/kg Fl 0.35—0. 55 g/keg, F-HIMESFHH 12.47 o/ke .
0.33 g/kg A1 0. 52 ; B g s ( Hiie B ) 2 2538 0—60 em T HERK & W IC R AL IE B4 51K 14. 01—19. 72
g/kg 0.85—1.45 g/kg F10.61—1.49 o/kg, FHMES N 16.62 o/kg 1. 12 g/kg Fil 1. 04 g/kg; fifi £ (T liF
BO) PR 0—60 em - HERR R BT R AL FE 43 20.93—22. 89 ¢/kg 1.27—1.90 g/kg F10. 44—
0.93 g/kg, FIMEST MM 21.97 g/kg . 1.60 g/kg F10.66 g/kg, TiHb+IFmR A &R i BORH < iy
B < T B HL(P<0. 01 ), B 1 R BN 1l BB b < T Ui BO < T i B L (P<0.05) o Z58 40T
S]] B I R WS A R 2 11, 56—22. 89 g/kg 0. 28—1.90 g/kg.0.35—1.49 g/kg, ¥
{43510 17.02.1.02 F10.74 o/kg, 25 RECN 24. 7% 55.3% F1 44.2% , JLE 2 [ 728 M Ty b <l <R, 73
BT AR R B Hh 3 Foe 28 19 AH B OGHM: &2 3, 38N 1] B2 265 1 ik | 28000 22 (B A7 o W B 38 A GG &R (P<
0.01) BRANME ZABEICE Z A M AR B3 (P>0.05) , WG EE2S [0 ¥ _E L3 FE IR FC K 07
FEILT- R 1 B AR A 5 TRl (B 1) o

20 y=0.1251x-1.1133

R*=10.8717

0.5

& & B Nitrogen content/(g/kg)
=
T

I I
0 10 20 30

B4 & Carbon content/(g/kg)

2.0 2.0
- y=0.0141x + 0.4984 y=0.2001x + 0.536
éb R?>=0.0332 ED R2=0.1191
= )
= L < 150
§ 1.5 <><> ?:: 5 <& &
:
b S
5ot © o 2 1ot ©
o & <, <
=} & ] & o
= o X ES o L00
B 05 - o NS e o°
& & & &
® &

0 | ! | 0 ! 1 I |
0 10 20 30 0 0.5 1.0 1.5 2.0
£ & Carbon content/(g/kg) &5 Carbon content/(g/kg)

B 1 REA SR AR

Fig.1 Correlation of soil carbon, nitrogen and phosphorus in different reaches wetland

2.2 OR[RITR Bl A g a R B A S AT A R

IRBO EETR L 0—60 em 3% C/N . C/P Fl N/P 43514 36. 5—51.3 43.0—93. 6 £10.8—2. 3, F#{H
3R 44.1 66.9 F11.6, 25 S 2B 910 12.9% 29.0% F137. 1% ; i B HL 0—60 em 3 C/N .C/P FI
N/P 43504 15.8—21.7 28.0—72.2 F1 1.6—4. 2, SE-HEA M 17.6 .45.7 F1 2.6, A5 % ZE0U 51K 11.2% |
34.8% F136.3% ; Fiif B 0—60 em 3 C/N.C/P Fl N/P 4354 13.5—19. 8 .63. 6—125. 4 Fl1 4.2—
6.3, FH4ME 90 16.4 90,5 F15.5 28 5 2K 90 15.2% 25.2% F 13. 1% ; 2553 A AS [l 1) B i s+ 4
C/N . .C/P FI N/P 4351 13.5—51.3 28.0—125.4 F10.8—6. 3, FI{E 43 H1M 26.0 .67.7 F1 3.2, 2%
53R 52. 4% 38.9% F157.3% , 3 FiLIERIA AT A S, 21 C/N S Bl BO > e B > T
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B, C/P SR R Ui B > b Ui By b > o i B M, N/P SR 1 Ui B b > v 3 B i b > b 3 B e b (
2) . G R, FUFEBGR I C/N 5l BB AR E B 22 500 W (P<0.05) , iif Brig AT
WeBe i 13 C/N Z[E2Z A BE(P>0.05) ;C/P Fl N/P Y90 H b5 Bl v it BOG b R0 R e B Hb
Z e B E 2R (P<0.05) . AT B 3 C/N /P FI N/P Bl 5 R B 078 5+ R BOR B, C/N
AT Ui B > T B> TR BORHE , C/P A i B > [ B L > T B, N/P L i B >
Ui B> T W B, B — i B b 3 5 T A 3 C/NLC/P A N/P AR SEPEAIR T /K48 8] A [ m]
Bz aliEHh + 3 C/N .C/P Fl N/P AR S

C/IN c/p
0 15 30 45 60 75 00 40 80 120 160
R w5
RE 5, B 5,
B3 ®m3
Hz 40t Hz 40
50 ¢ “ 50 .
60 L 60 '
N/P
0 2 4 6
0 : : : 3
g 10+
L@gg 20 | —=— bR
e 3
®g 30 —a— thiiEB
"z o S . —o— TR
W 50 1 T T D\HI\Al 1
50 . It P |

2 AEARAFEEMTIE C/N.C/P.N/P
Fig.2 Dynamics of C/N, C/P, N/P ratios in different reaches wetland

2.3 o A B R R

P B Rhr 5 AR S R R Y Y 35 4 C/N L C/P N/P B SCEE IR, rP s BT 1 4
KEEYE C/N.C/P N/P RRENEY], BB+ C/N .C/P N/P Fifid5 /K & it 25 5 RNk B 19 A48 1k i
MR R C/N TR, B | R BORTT Ui B 35 W M 38 27 BB B B R R B i ], i C/P R N/P 5K
ISR B AR B IR 3 C/N .C/P N/P 22 R R Z RN Z I FRIE I (% 2) . Mk
F, K RO i SR 5 S R ] BE M 1 C/N C/P N/P ARAb R B Ry SRR IR 7

*2 C/N.C/PHIN/P EHMEAFEHEXKXER
Table 2 Correlation between C/N, C/P and N/P ratios and influencing factors

FK KE

S| i LR i A ki
r[éfgype Iﬁ:)—( ¢ N P Water ol Bul?{ Salin,;i_ty iﬁi *:11; S/ajlz
content density
_E 7L Upper river C/N — — 0.867 % -0.134  0.041 -0.279  -0.271  -0.374 -0.502* 0.505 "
c/P — 0.748 ** - 0.760 ** -0.417*  -0.357 0.383  -0.284  0.868"* -0.878""
N/P -0.057 — — 0.605** -0.311  -0.146 0.349  -0.101  0.792**  -0.804**
FriiF Bt Middle river C/N — — -0.224  -0.431% -0.518+*  0.878** -0.716** -0.856** -0.878**  0.899 **
c/P — 0. 005 — 0.423* -0.212  -0.060 0.091 0.070  0.170 -0.161
N/P 0.194 — — 0.546* -0.053  -0.319 0.308 0.306  0.425*  -0.420
FBL Lower river C/N — —  =0.777"*  -0.860** -0.870**  0.751** 0.968** -0.747** 0.784**  -0.185
C/P - -0.943** - -0.856 ** -0.771**  0.711** 0.877** -0.579** 0.604**  -0.134
N/P -0.687 " - - -0.591 ** -0.395 0.451*  0.520* -0.240  0.252 -0.059
N[l B C/N — — -0.438** -884**  0.787**  0.873** -0.633"* -0.881 ** -0.941 ** 0.932 **
Different river reaches C/P — 0.186 — 0.329** -0.360** -0.294*  0.605** 0.329** 0.216 -0.263
NP 0.861 %" — — 0.867 % -0.764*" -0.844** 0.927** 0.877** 0.789**  -0.830

* PR WEMI(P<0.05) 5 % * FIRMBEMIC(P<0.01) ;“—" FIRAEAE AMRRR N EMA TR
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2.4 GG RS IR E R ARIE

W T 1 B | i BEE AT I BB 0—60 em 3R A% B4 54 9205 +/ km® 9289 t/km* FI
9415 v/km” , F A NI BHE > HIFBOR > FUFEGEM, LUFBGR M i BOE A T i BHEHE 0—60 cm
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