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Abstract; In river reaches restored by reclaimed water, Phragmites australis showed distinct carbon (C) and nitrogen (N)
stoichiometry due to the long-term influence of reclaimed water with high nitrogen. To identify the C and N stoichiometric
characteristics of P. australis and its response to high N environment, contents of C and N and carbon: nitrogen ratio
(C/N) in river water, soil and organs of P. australis (root, stem, and leal) were analyzed in the growing seasons ( May,
July, and September) of P. australis. The results showed that the C, N contents and C/N ratio in river water ranged
between 22.20—37.25 mg/L, 2.24—11.20 mg/L, and 3.33—9.92, respectively. The contents in soil were 5.69—35.17
mg/ g for C, 0.28—2.63 mg/g for N, and 8.77—25.39 for C/N ratio, respectively. At all sampling sites during the growing

seasons, mean values of C contents in roots, stems, and leaves of P. australis were (170.84+63.56), (369.02+39.12),
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and (431.80+96.70) mg/g, respectively; for N contents, they were (8.20+£3.96), (14.11£6.22), and (30.73+8.66)
mg/g, respectively; for C/N ratios, they were respective 23.89+12.84, 32.65+18.48, and 15.21+5.60. The C and N
stoichiometry in different organs of P. australis had significantly seasonal differences ( P<0.05) in variance analysis, which
was mainly caused by the physiological processes of P. australis in the growing seasons. The C and N stoichiometry in the
environment had significantly spatial differences (P<0.05), leading to significant decrease of N content and C/N ratio in
leaf of P. australis from upstream to downstream ( P<0.05). Regression analysis indicated that the C and N contents in soil
and river water could explain 71.0% of the variances of N content in P. australis leaf ( P<0.05) , while C and N contents in
soil and the N content in river water could explain 82.6% of the variances of C/N ratio in P. australis leaf (P<0.05).
Significantly positive correlation between N in river water and N in soil (P <0.05) were implied by correlation analysis,
indicating close N exchange between river water and soil. Under the influence of the reclaimed water with high nitrogen, it
showed strong N supplying capacity by soil, which caused high N content in P. australis leaf, and lower C content in root
compared with stem and leaf of P. australis. Consequently, P. australis had strong storage capacity of N in the river reaches

restored by the reclaimed water since its C and N stoichiometry showed strong responsiveness to high N environment.

Key Words: reclaimed water; Phragmites australis; carbon; nitrogen; carbon: nitrogen ratio; stoichiometry
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Fig.1 Distribution of sampling sites in Shunyi reaches of the Chaobai River
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Fig.2 Temporal and spatial variations of riverine C and N contents and C/N ratio in Shunyi reaches of the Chaobai River
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Fig.3 Temporal and spatial variations of soil C and N contents and C/N ratio in Shunyi reaches of the Chaobai River
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Fig.4 Correlations among C and N contents and C/N ratios of river water and soil in Shunyi reaches of the Chaobai River
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PR N SRR S HARKRFEHE (19.70£5.21) me/g, 76 7 AW R T, HFXME M (10.60+3.64)
mg/g,9 H 13 HAE &8 A Frsn, Al 8 (12.02+3.89) mg/g, BA W35 (I ZE35 A8 AL RIE (P<0.05) 5 M _E 375
N, P N S AR ) (13.8425.88) (S1) L (11.57+3.40) (S2) F1(16.90+6.56) mg/g(S3) , Lt 3
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By 23 A AR A3 (P>0.05) . FEEZE C/N e 5 A i/ NERIME 17.90+4.37,7 JIF19 0352509 C/N
FLET , 451K 33.45+16.21 1 38.06+17.17 , S B 11T AR LA H (P<0.05) 5 72525 C/N HUFESASREE
(S1—S3) 434k 34.37+21.29 37.16+17.28 F11 28.43+9.86, JC i #45 [[] 284k ( P>0.05)
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Fig.5 Temporal and spatial variations of C and N contents and C/N ratio of P. australis in Shunyi reaches of the Chaobai River

P C N & & C/N R EI{E 235004 (431.80+96.70) . (30.73+8.66) | (15.21+5.60) (€ 5), 7
Foth C S EAE 9 H A B ME (507.50+5.83) me/g,5 H 7T H V& =48, 43518 (390.52+8.94)
mg/g 1(397.38 £120.30) mg/g, A BEF M Z1ARLRHE (P<0.05) s N EIER] FUE, A5t ¢ & & F3ME
54 (468.30+140.89) (S1) , (404.63+7.64) (S2) . (402.47+15.43) mg/g(S3) , Lo &4 8] 225 (P>0.05)
PO N SRAES H 7 AR9 ABr 1 (32.89+3.20) L (29.52+8.12) . (31.43+6.18) mg/g, LR E ST
ZE5(P>0.05) sHAEZS [B) b =35 ib ey N S i Wi AIK, FERE 1 S1.S2 1S3 (1 F-34{E 43 51 (36.37+10.71) |
(31.02£3.52) ,(26.44+7.72) mg/g, f B E M2 M2 5 (P<0.05) . FE C/N LA FHEAES H .7 AF19
A543 12.85+1.18 17.39+6.57 ,14.39+2.79, o i & Z= i PE 25 5 (P>0.05) s I LRI T g, A7 =5 A9 C/N
B FRAR , 23 518 (19.36+6.35) (S1) . (13.59+1.89) (S2) . (10.68+3.71) (S3) , H AT i 23 [a] 254k,
FHIE (P<0.05)

2.3 FOEAR ZERI T CON Fa S C/N HLR S BCRRIE AR OGP

FEAER T R ZER R C N SRR C/N L R/NMEEZER (K S), T C Sakm,
2Zerh ¢ FRHWR MR T C SREREFETZEMIE(P<0.001) , MERLETH N SEBEM M >R, A
AW B EZEF(P<0.001) , PTESIEE C/N LEMRHEF MZESRS I f7 48 B 27 (P<0.05) ,

PR E Z N C N TR RIE RIS —E ARG (R 1) o ZERIE ARFIEE N 5 E R 2 IE AR
K, Pearson FHICREAM 0K 0.702 F10.671(P<0.05) . F BB A S Z A0 C & A SR 3 (HE
C EEMYIET  ARANZE ZERI Z ] C/N AR 2 25 IEAH G Pearson #HC R %5314 0.875( P<0.01) £10.732
(P<0.05),
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24 PFUEAGEZRSHEARZEINLR

FRAE 25 4540 B AR B S A AR B 2 R AR SC AT AT AT (R 1), 2 EAR T € S 5K C S22 E) B
TS (P<0.05), FEEZET C FrESI/KH N FEEFAMIEKER(P<0.05), PN CEFEM C/N
KA N & 2 IEAH DG (P<0.05) s 255t N B Al C/N L35 3 N & & i 2 IEAH G (P<0.05) .

F2 HAAWMXBEAEHF CNEER C/NEEEREF CNEEZENSTESET
Table 2 Multiple stepwise regression between C and N contents and C/N ratio in P. australis leaf and C and N contents in the environment in Shunyi

reaches of the Chaobai River

AR R 5 W7 B i R
dependent variable independent P Stepwise regression equation Adj.R P
variable

FEEMC A % 0.119 y, ==0.820x, +0.425x,+4.023¢ "2 0.541 0.165
C content in leaf X3 0.027
FEEM N SR X, 0.047 ¥y ==5.623x, +4.601x,~7.132x,+0.252x, + 0.710 0.039
N content in leaf Xy 0.028 0.934¢710

X3 0.258

x, 0.026
FEEM C/N % 0.027 y3=0.309x, +1.365%,+3.010x, +7.003e~'° 0.826 0.014
C/N in leaf %, 0.008

%y 0.038

X)Xy ¥y 0y T IFOR T C i R HE N SR WK C S UK N Sy oy, oy SRR IR C AR N AR AT C/N L

PIK A5y C N S A28, 0l DL B & B CON S &M O/N WA &, I ZTE
[ =3 i a0 A T i Y PR AR s ey Ml R, o DOMEE R NS AR IS C/N L O AR Y [B] )5
Dyt TR E R (R 2) o HEIATFRE AR, SRR Y C N SRR R T AR I 71.0% 1 7%
(P<0.05) ; H4r C N S AR R N &AM 50 C/N H 82.6% H A8 1 ( P<0.05) .

3 iTFig

3.1 EEEREE C N TR ARIER 25 A A5

WFFE X RIKRT 30 C N FTHERHIEAE AR A RO TRE  BR 3 € S dh AR A ¥ 0
FEVES(E 2 ME3) . Hik, 3 C N SR IF NIRRT ZHEL C N AKCFRE AN, 5—9 A4 2
PEERA KT ARV E N CN SRR FE S P EEAE K I B AR BRI G, PR 2R
FU i C S i B 1R Rt ETH(IRLS) R 3 & S B AR RN TR, T 2 i
N S E/MEAR I BUE 7 A B N S ROy B3 (F5) o X5 R RS N A R
A 7 IR AR R R R B B 6 N AR SRR XA v, DR T 48 B P B AP 1 N AR el T i
VER FZEDCEAE X N BHAE R BRZ

KR N & KR C/N B3 C &t 3 N B R RS C/N AR EA B3 ny s a2 1k (1 2
FPE 3) o ABFFE XK N S iR AR 3 2 S R E R AU R A 6 K C/N HAE— S S T Y
(42 5 T LU R S AL SR, A TATRR AR (A ey N33 2120 AR 1 C/N G5 RIK e N5 i LA i 35 Y
LR AR, WK N SR LT N SR RLAA B ERLRMSCR, WK S £ B E B %A N
TR ACH . I, N R E, RE N SRR N SR AR AHR R 4) . b ¢ S
5N G RZEEA T RE MR R X2 UE FAFAEE A R L3 N SR s2 B K
N & B R R AR, B3Eh ¢ iy O/N WhiZ 2k, 7EM 35448 B MRAZER C N THERHES 0
B E 2R, AP N S m A C/N HRBLH 25 1 23 (] AR AR R Ak (18] 5) o 3k 3R AR A TR
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25 B E SR TR AR B s R R A RS R B AR R N SRR B PR R N S R
E AR, B N A R A N At T R, A RS R, S AORT e N g
FEAHT, A5 v N SRR/, PTOL, P2 3g it rp N & i R B A KRB b N & AR b ) R 47 0% i [ 4
Bl C/N HOHEY) A2 KO R A R R AE T, C/N Fe MU, AR K R B /N EL TR AR
(K 5) 3= L2 R, A A KRB W K, WASER C/N ERiRIE R (R 2) , L3P N &
HANA KR N & IS5 R A5 C/N FERg G, BV =5 AR KR B8N, 33 R B A 35X R N OB
BERE R, — LS RIS R RS S N SR A IEAE R R HY N S E R
A FHERE, i At B A N S 25 N 78 RuBP BRSS9 (AR 2 [8] (/) T L 2 5 AR [R]85 35 o0 R Z (8] /Y
Pt ONITRIAE  AE  ARBFIE R N S B AORE S5 ST, P35 vh N &l R T il
N i, A KR N AR PR EE N S B IR AUAE A S3, A3 N S I B S5 A K, RO A e R i
A KR

3.2 AEEXTEEEAARE T C N F s Be i R m

TEW K- HE P B R A SR G, LR N S8R TR EEN N EH, 5 N HAK
AR T AFSE X N, 3D N S8 A4 A S T IR Yy 1 2 M A = A AR
AR 3 N SR WTIE, BT R N SR, B C/N R IEAE N g BB
WZ, B rANUEZET L TTHLA A RE B P W ORI, i 380 C/N 22 38R R o L ig 11w
FEARAEYR R AR, LR C/N HAFSE R 13,61, 78 C/N AR T 15 B, 54k 5 A 5 R E—
Rt e Y R A T AR R AR AT L T U i A2 B A K B K IR R, N
GEm AR e 0, I EGRAAE N GEJT

TE PR A HE N RE AR A 250 o N S . HxE N AR — R B i A R A B
AR R, SRRARLE O T 0y N, ARWFSE, AEErf N S8 IE R 30.73 me/g, i T4
C,HAREY (21.2 mg/g) ) A FEIBHIAEY (16.07 mg/g) " FIAb 5T M B A M IX K (26.1 mg/g) POV Y N &
ORI, X M BEAR A 0 BE K TERA T o E B SRR R i N B R0k fe e M
HEWENSHEMTELZH N EARF PR EIS > AR, S EARE N SENHEFE >
ZESHE, MR EEADE MBS B T B R A N, RABHELY QA0 2578 A= K 30 o vl DL A5 e 78 A
AR N FE TS 2RI T AE B 00 B eIk, P oBAR BRI A N 3 i B B A I 35 R O IEAA
PR TR A BRI T N B EIME:

IEERGRIIME N GBI 12350 C T EAES A E Z AR, Y C F a4 E Z A 7Bk
KRIFAMER N SRR 2 R TR 22 BB T AR, A8 E D ¢ SR
FHSZESAR (ES) X 58 = AN AR A BB S TR A N SRR R
PRAKIEHE LT R N IE, C FER PSRt SE D, THEERRRHE N A S ES LT, S TR
FHFAKE C &K TH 25 M0 Bt 767 N FA AR K T8 B 2 3 s (ZE M) i ¢ &
EoE TR,

4 #Hit

AAFESIHT T HEA KRNI NP3 ZERI & 28 B B IR K C N & il C/N i 25 28 4k
FRIE R TR 5454 B AR 5 R IR K h AR B R —E BB LR R T 2 350 H A K N R
FIMRI, EZLERUT .

(D FFFEX AN, K C N S C/N 2 SIHE 22.20—37.25 .2.24—11.20,3.33—9.92 Z ], +
C.N &E8H C/N L HH 5.69—35.17 .0.28—2.63 .8.77—25.39,, /K HI T3 C N AR EEST 234k |
BOmRaE BRKH N S (C/N K3Ed ¢ N SR C/N AR B i 35 10 25 [ AR L AFAIE ( P<0.05)
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(2) TEREA RN 35 25t C & AP HME 53 3118 (170.84+63.56) |, (369.02+39.12) |, (431.
80+96.70) mg/g; N 7 AT HIME 55 9 (8.20£3.96) . (14.11£6.22) (30.73+8.66) mg/g;C/N FLHIEI(E
51423.89£12.84 32.65+18.48 Fl1 15.21+5.60, F B4 E 1 C N THRAFEAEAT 2 0 2= #E 22 & (P<O.
05) ,fH AR M b N &8 C/N HEA B35 0481k (P<0.05) ,

(3) 735 C N THEAHEM ZE 1 AR 5 AR A K Z T 0 A= BEAE A 56, 2 255X IR 8 04 i [0 3 BEAAR A 45 [1]
AL b, AHBETHRRIZE | P 3 A A e 0 e o 2, DA BB R U, BE A TR R R NS R A BRI,
PEEM N A C/N HUIR RSN,

(4) PR PREE A b N A R IRAE A28 B B C N S BBl b, 7E 4t N BB JTSRIMIAEE R, 2 =g i rh
R T RERY NI C EZEFN i 230 ic 35 5 TAR (P<0.05) o X Fl C N & & B 0 BURE UM B 1 P 3578
FAE KR TE DY 1A A A SR L B T o R P B )38
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