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FEE A BK AR ELAE FOE B I e A B WA S R G AE R B 8 R0 R 19 A W R Ab 2 A 38 v S 45 T (VR . AR SCHE S92 3 8 A
SEG N RE B FEA L RS T TR IR 2 S ( Phragmites australis ( Cav. ) Trin. Ex Steudel ) £ #4448 A= 4 10 R B & i, 7R L 3L AL AN T
A GG RGN T AR KRBT R shAS AR Ak, S5 RF  A AL (2L Wy BB (8] (RS T B W, i R R R (B B e 6 A,
HROARZEAE W B S MBI 1 0AE 8 H Wt b =250 3R o AR W B R (B R 10 53 B4R A B S iR R e 4 A
AR, FLJ B 18] B RS TS MR, J5c/IMIEL H B A e ) 25 S AR ) ARER 25 40 B 2 B 9 e R ML 0 1 BRAE 8 H R 4 H 5 4538 03 L it
S LRI AEAE B AR, M A3 S B BRI R 3 A 6 A, 401 (18,91 +2.12) gom "2 MI(1.17 £0.13) g-m 2.
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Abstract: As the special habitat formed by the interaction between terra and water area, wetlands play important roles in biogeochemical cycling process
of nitrogen and phosphorus. To understand the growth dynamics and characteristics of Phragmites australis (Cav. ) Trin. Ex Steudel in Baiyangdian Lake,
a typical wetland ecosystem, field investigation and laboratory measurements were conducted to identify its biomass, nitrogen and phosphorus content and
storage. Results showed that with the growth of P. australis, biomass of leaf and root increased firstly and reached the maximum value in June and August
respectively, then decreased. In comparison, biomass of stem, sheath and shoot increased during the whole growth season, and reached the maximum
value in October. It also showed that nitrogen and phosphorus content of each aboveground component was the highest at April, during the early period of
growth. Nitrogen and phosphorus content of root reached the maximum value in August and April respectively, and the time that nitrogen and phosphorus
content of each component reached the minimum value was different. There were significant relationships between nitrogen and phosphorus storage, and
biomass with the maximum nitrogen and phosphorus storage of shoot were (18.91 £2.12) g-m 2 and (1.17 £0.13) g-m 2, respectively, occurring
both in June.

Keywords: Baiyangdian Lake; Phragmites australis ;biomass; nitrogen and phosphorus content; nitrogen and phosphorus storage
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V2 B K B AE B O B ke A2 B8, 5 (Falkowski et al. ,2000) , 76 % 8555 B 7 U R 1Y/
BRI R = RAESREZ —, kR PRI I 30 b k588 EEWE T (4405,
AL 6. 4% , AHLER BT 20% B AR At 2002).
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D LR A T b A 2 2R 8 45 A4 R B RE 1 Al
XA R AR ST B R R W2 AR AE H (Bayley
et al. 2004 ; FA4L155 2010) . R -2 A4 i A )
TN E SRR WS R A 2 R 8 E N R A
THURMAE B SR ALY T2 2 A (FEAET 4%, 2006) .
AR RGP A WS 2R S S 5
G Jr R N PR BT 38 BE T AR Ak, TS | & A )
& 0 A R BN AE S R G245 H F DI e 1Y
ZRAK(Olde et al. ,2002 ; Gusewell et al. ,2002). & &
FRAL R S HT NS I Y B 2 B () i — | [ Y A
EIFJE TR A M I (Kathleen, 1977 ; B IH#EAF,
2006 ; FHZREF4E 2011) . 332219 20 ~ 30 4E[A] | [FZE
BEFRAKIE IR, B RBUNHRA T RE AT,
YA ) B TR A S R G H B S E IR
TE ISR K S PR 3R 1) 52 A, ATV 22 ) R R £
fifp ke (A, 2008 ) . AR, AMTIF AR R BK AR
TYITE & IR ALK R E L rh i E AR, — 51,
K A= R A AF T LA o W K AR R TR b i
Frih BERER B vh ) B S Ou R & i 5 NI i
K AESF IR R A (REF S5 ,2006) 5 95— 7,
AT LA ARGl AE W 4 Ak 3 Y 2F S5 e Ak 75 e Wy o
FEA TS YLk & ( Kaseva, 2004 ) . 75N T iE b A, 3@
T AR B RS AT LA R0 B K M b i R RN
S M AT Z A R A WA TS 1 i (BR E E AE
2008).

7 35 ( Phragmites australis ( Cav.) Trin. Ex
Steudel ) J& 7R AT} 22 4F Az RUAAH YY), Tef £R 580, KR
AT AR AR . A R A AR
KRBT EEEFRITR, 5 HREE A
BEIRER , v DASGHE XS T30 M 2 2 R G i 4540 5 D R
e H S 7 Al 1) Wil 7 45 7 TG ) BRAE. H AT, G
P = SRR I RO A A 5 F2 B AR TR P A X
BB E S (Jose et al. ,1999; F AR 5E,
2001 ; RFEDGEE 2006 ; KR 4EH 45 2006) , % HA W
T 5 AR PR A (R IRBUAE, 2006 ; Tylova
et al. ,2008; & M BESE, 20095 R 45 5t 4, 2010) ; [F]
W, BT H AR A0 22 53, S ) DX 30 = AR ) o
R W S B BOR 2% S (BRI AR, 2002
IFI=E4 2007 ; B9 K 5745, 2008 5 5 K 22 45,2009 ) ,
T ECHE A AN T 20 26 X 7 S5 1R A= S R G AL WA
R IR A ) B

P U R b 2 A b 1 DX B K IR OK A, % T
PRAEA I 5t | A E ST PR 2 4 H

HEEVEM (E5,2008) . M HELEAVERE )
12, EEDE S A TR e K | B AR A K AR R, T
T Hb T RE Y & FE e A R e 2 R AT AR VR . B
B1XT PR UE T 1 P 35 5T v AN i (R DARAE
2005 ; #5155 2008 ; 251 % 2009 ; F 45 ,2010) .
PRI, AR SC LA 95 3 1 b 2 S BV M F S X 42, 4
TP HEAN AR A R W 0 A AR B LR W A Y
BIAARA, AR 2 1 T G B A A o A v
EHEES %

2 ¥R 5 7% (Materials and methods)

2.1 #FHE KM

FIVETE 1M (38°437 ~39°02'N, 115°38" ~ 116°
07'E) L FAEAL R rp 3 (& 1) ,¥4K 5 ~ 10 m, 3
PEOTIH ) [ PG 1) AR BT, BB AE 176000 A2 4. i IX
358 P AT U6 VD i U AN Oy PR 2R 1 S [ 5 i
EEF o3 2 4% VER B 39 4KV 3700 AR5 S
H ALK/ INARGE TR S0 143 DNTETA. 5 EE UL
pI %NS I SO o S R T I ) AT N == R T ISR T I
] JE] R A S AR A, R IR ARG
XL VAR I 55 1 T AH S, 35 EK N 7 ~9 m, AR
HFART R 4. 52 x10° m*. %X B TR KRt
FNAME L TBFEL T, AR RINEW, 2411
iR 7.3~12.7 C,FHERR 2992 ~ 4409 C. 4
Wi Il 2 AR 4 B FR N 563. 7 mm, 4F N 43t A1
7T—9 H K& 5 4R OK B 80% (X 4,
2005). 1 20 22 60 AEACLIK FIFETE - IFE EE K
150 23, MIEZIR 3.64 x 10° m® ; AVETE R A
BRI B kAL 12,8 m. FIVEETE/KAEAE 20 4D
50 4EAR R, 20 g 80 AFARAN 21 2247 () /K 37 BH
BALTHE ARG £4F NI K07 281k 0 &, i
AR L — e o A 6 H A9 AL 1920—
2003 4EEHFEESA 7 ITIEIE %, Hor, 20 4D 80
ERT IR E R Z B i, 1984—1988 4R L4 5
AR AL TUE. AR, H TIENBEAKRZ | Liif
HeARARA | 1 U T X T AR B T 25 4, K A B 1)
AH £3 28 1 (5K B8 45 ,2010) .

FEEVE e N DITE B &, 88 =Y i
B R L RN, (2 H 20 g
70 AEARLICK , Tl BT R, iz g TRk
FHAKAS B8 i, S 35008 b 1 B 25 405 365 b 1w AL B0
PR AR 22, AR e E ALl 20 4D 60 AFARAY 8
Tit FRER) 1996 4R 1.5 7 t, AL 2 Mk
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55 DIRERY A% (28R B 07 76 A% 2% 142 ,2000) .
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Fig. 1 Location of Baiyangdian Lake and distribution of sample sites

2.2 BRI *

3T 2009 44 H 22 H.6 23 H.8 31
HFI 10 J 31 HiEAT 4 YORKE , BEHLE BEAE F1VE UE
T P A 5 b A R Sk X ek ) i A 2 e (A
1), EHAE P BEALEER 3 NMFE (1 mx 1 m). A
FEDCIR N =5 1 M R AR R R N T AT IR
FE R, MU Ty Z AR AN TIOR.
2.2.1 AE4pESIE IS EYRINE . 5
IR B % S, R W™ 7 i B bk
IURETT D936 9 Bk, S b N BUS I o B bR fe e
[ SIEBG % W BBk T 35 4 IR R A S A 1
4325,80 CHEIRMET 2= /0 48 h EfE &, LIk
Fa - E 3 LA B A5 B0 AE 5 iz 1 i A= ) i )
—FETT YA R A W 1 R R R T M SR b
WA

Hb TR A A W 0 A . S b ) M b
5 AEHMEET (0 ~ 60 em) FFEHTA M7 | 5 645
FH Ry, bRic Ja iy M SR =, whk e Mt T 2 e
PRI T A A it RAE BN b R 4 &
BURHRARZE O S il R FB 4 S AR ZE AR AR L
AR
2.2.2 A BEEWNNERBEILTE KT EME
HIHEA R AR 0 )5, B AR R A T TR b & . o
SR I EC R 2 FVAR B BT Eb 20 AR A L B
Bt ORI A5 2004 ) . A B it o 18 310520 340 3
KM, =Ty xB,M, =T, x B, Hovh M .M, 535K
R B (g-m ), LIEE m® N2 35 BT A B A B
TrERIR Ty T 00 3R B A i v () R B
(g-kg™") s B AN AN B Y& (kgom ™?).

2.3 BAEAHE

K H SPSS 18. 0 GritHr 3 s vhAT HL N 3 J5
2387 ( One-Way ANOVA) , 2K Duncan £ 5
(Duncan’s multiple range test ) & 58 £ 2 £ [0] f) 22
5+, K Microsoft Office Excel 2007 #X{FiE1 T4 4.

3 L5 (Results)

3.1 FEAMEHARKL

WA 5 B 2K R R RRCIR 2R (D
b2 N1 O N T 1 B s 15 o 7/ = g R AR P e B
W 56.23 ~ 2039.63.42.30 ~ 662.72 . 47.78 ~
512.51.3220.00 ~ 6070.00 #1 146.31 ~ 3151.12
gom  BANTTHRL N P L 25 A R RIRZE
FHb b3 A A W A A R T A AR A SRS AR
FEECEL2) #5356 43 A Wy £ Bidd B[] £8) 9 2 1 240 3 14
T, ARG E Y e KA H BRES[RAS — | 8 4 |25
FIHE b5 A i i i R A A 10 A it A
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Fig.2 Dynamic in biomass of each component of P. australis
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WRERKERBE6 A, HGE ERKBHEERY
Jve , A=) o RS R AIG s HR R 25 A= W v A R E )
HETES H.

~45.97.7.07 ~26.37 4.84 ~12.52 g-kg ' B &
BEIEE 454 0.09 ~3.02.0.35 ~4.95.0.32 ~
2.85.0.46 ~1.06 g-kg . IR/ M WoR Mo 25

3.2 PEABECENSRKAE M Y A BE S B R TR R R A OCOC R
A3 A) UL, R A B P e S5 2K R (p<0.01), MIARARZEAG A B 2 (AR OGP A I 35
FALIRZE A S B AN 1,95 ~33.13.11.74 ([ 4).
50 50
asl I ....... - Yy |3 a5k ety Yl 2K
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' 2ok I \\\L - HDIREE ] 3'0 AN -4 fRURZE
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2,”;; 20k
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Fig.3 Dynamic in N and P content of each component of P. australis
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Fig.4 Relationship between N and P content in each component of P. australis

FER B E DAL
FHER 1 AT, 2 3 45 38 40 U it 1) SRR AE
H R EB A KT B A MR ZE ok, i IRz
2R M RN A ER AT AU R R/ ME ) LTE 4
H o F 2R A o R(E M BLAE 8 A, M (6.00 +
1.00) g-m > ;M AR R KME B IES A, 8
(11.54 £1.40) g-m*, % 10 A W& P&, 8 A%
R EAE 10 H, 8(3.92+0.22) g-m ™%
i A AASE R ERE I TE 6 H, 0 (18.91 +

3.3

2.12) g-m P HURZE AU B AR KA BLAE 8 I,
}(48.31 £3.93) g-m°.

SRS B A W i ) AR S AU AR ]
BRit AR /IMEY I AE 4 (£ 2). b 25 i
5 AU ZE Wi o 1 e M 38 BLAE 10 A 4350k
(0.31 £0.04) g-m>,(0.33 £0.03) g-m > Al
(4.33£0.42) g-m 5 I H B fid o (0 R (E H BLTE
6 H,4(0.71 £0.07) g-m~2, % 10 H 15 B F K
ZH/ME(0.13 £0.03) g-m 25 # FEBA>Bihik R BE
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M A7E6 AR AM(1.17 £0.13) g-m >, HJ5 P IE] .

x1 FAEIMGRGEE
Table 1 N storage of each component of P. australis

N i/ (g-m %)

\
H e G K i 1R [
2.41 £0.26" 2.68 £0.23° 1.77 £0.20¢ 6.86 £0.67" 18.20 +0.75¢
4.45 £0.53% 11.54 +1.40° 2.92 +0.36" 18.91 £2.12¢ 28.19 £1.81°
8 6.00 +1.00" 8.98 +0.91" 3.73 +0.42% 18.71 £2.19° 48.31 £3.93°
10 3.69 +0.52" 3.06 +0.51° 3.92 +0.22° 10.67 £1.19" 38.63 +3.00"

T RS ENG FRACR 2254 B35 (p <0.05) , T

R2 FERMGEHEE
Table 2 P storage of each component of P. australis

P i/ (g-m~?)

Ay = L TN
2% it i My &R A3 HUIRZE
0.17 £0.03" 0.24 +0.03¢ 0.17 £0.03" 0.59 £0.09" 2.35+0.13"
0.29 +0.05™ 0.71 +0.07° 0.17 £0.02" 1.17 £0.13? 3.71 £0.22°
8 0.26 +0.05™ 0.55 +0.04" 0.29 +0.04" 1.10 £0.11° 3.85 +0.30°
10 0.31 0. 04" 0.13 +0.03° 0.33 +0.03" 0.77 +0.08" 4.33 +0.42°
3.4 FELAYESA BHEENKR S EB A S A B R A K AR

XM R E R, FELEBrAEYES MR, A B ES5HE RS BE.
R B A R B AR (p<0.01) (E5);

10 - a1 k2 —-0.50 16  b.#HE 10
’r . . 7045 14 F . 009
8 - 0.40 nk - 08
T 40354 “— A =07 ~
& 6 4030 E '= 10 = —06's
=5 40252 &g —~05%&
mlmﬂ =
iz 4 - 0.20 0H M o6 - — 04 gy
P Jo1s E = —033=
z 3 . A = 4 - D=
2 Jo.10 z 02~
1k 40.05 2 F 01
0 | | 1 0 0 0
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6 o —10.45 - 1.6
sk " Ho40 14
. ¢ 035 _ 412
i . 030 % 410 %
& 3 0¥ e & Jos &
= —0.20
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Fig.5 Relationship between biomass, N and P storage in each component of P. australis
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4 1318 ( Discussion)

A R — T B AR o R R AR, 2
WA S R G G BF | BE 50 3 1 ) o BL Al [
B, o n] o7 R 7 U R R A A S R SR E W
WF5e.

FEEHUIRZE R E R R EE T, 24
R T MR MATEATWR, BT LA 9 8 KT b 1 1)
— AR R s b 25 AT P B SR,
JEPT I R A Wk e e A A5
Pt s v R R TR A R ZE B AR R G
YT AEAE Y 0 A K 2 R O AT i (8 AR AT A A
I a) Tl oY NA o A =B U v W -
RS 0 R 2R ) R AR
PER B EAERE S B TEG 3 UCRFER I iUE &
A, RSB T RO b 25 A 5% AT, 4 ) A
) A A AR G v R Wl 0 A A R e U X
H T it FH A 24 38R B W Bl TR R R, PRI R
Y IEH A

PP TR D 2 45 25 W 5 0 T Ve R e (SR
GEHTAE 2010 ) FEE B A VE M (1245, 2007 ) T
o FAPETE R S5 B B N T NS S
GRG0 MR R K
TR R (BIWR S % 2004 ), M B A 5 5 i b
T/ AR R A, s S B REEAEA
[ ) 43 PO SR W%, A ) R 55 PR 458 A0 BV AR i)
3 ML 5 (H5 8 = U R GE b B AR X
(V5 JBYTAE 2008 ) AH EL, 1 D€ 2 b 2 35 A0 M 13
Ay R AW S R /4 AR A AR
K, HLEshild B /0N, om e 1 b o 2 25 48
PET AR RS (AR B 5 5 5 MRV 35 P 300 = S 56
(R AR 5, 2002 ) = VT J5 M 25 V8 3 i s (5K A&
FOAF,2006 ) AH Lb, 11 UE W b 5 A 48 5 Y 2 35 Hh
b MR R e, R B R RS R
CIE G

RIS E R R F AT I0ER, LG sl i3t
Bili ) IO B 10 00 5 A T 1 5 A % ) R ) E R AT AT
T BRI A, AU S I 210 R B2 R A (B
P-4, 1998 ) . b - 48 Hh % SR A e RO AR B 1 AR K
K, B A I 8 AR AR TS W AR AR (At 42
45,2000) , M A SRR N R 22 R A FE A
RS2 B 80 B RG22 A 45 5. AR oe b
P13 TR T =5 b 308 4 25 A A 2R B kB 0 A%

W & AR A R RAEA S BAE 4 A BERER AR
AR, L5 Bl AR B A R AR ) R 1Y
I, T AR WA N AT LB R AN, 2R
PR Ry Rtk B S [R] %) 4 % 17028 0 A 5 AROIR 254
PGSR B, RS = B R 1 RN,
e ENHBE 8 A IR A K B ARG,
Y B R AR . R AR AR Y A K
SHE S0 LA 530 90T = A D 45 B 0 (B R
24,2008 ) 1] VT3] 192 b (55 MU SE, 2009 ) A1 B,
T DR T P 45 A R 5 S R i O I, 1L
TG LR (=455 5 ,2006) .

PSR AR R AEOCEE R R AR 6
P KA, 5 B e A VR R ss M A K ZE
SEO T R A T 2R T REAIG s 2R S 0 A=
F A b I T) I T CH R0 ) R H BRAE
8 J ORI T b S B FR o R EAR N B
7T RAAER 5 ARPR 2502 127 S5 AR PR e R L IR 1 R
AR R S BB A K Bl A=
FIARWI L R P B AE R E 8 H B KM, HG B
HHYER STV, 2 10 HugA T . H
ERE ST T, IR AN TR A KA RS
eI M v R R G S SRR S HIEAE
FIDEEA , BRI, 35 R 405 0 280118 2 1) % 308 s 20 )22 ) 2
S FAR s 1] 803 B A5 E .

T 2 AR A R e A LRy R A A
it 7E 8 A i R MH, W RE N LR 43 #r v A5 2]
FF . ST = AR YN A 3 | ) YTV T b AN b
B LR AR L, P T T b =5 1B 343 ) R
D0, 1EL s e PN 2 i U Y b, L% 0 A o e
DAL H 3B s [ 15 e ] T Ve o e b 2

BELEAE A Y 0 & i 0K T &L B0, 2D
WEIR BN S A ML R A, T2 S 500G
YR WPAE R BE A7 A b 2 1R, OF A IR
FEAIVE (Carroll et al. ,2003) . /% 25 AH ME R & &
AR AR A5 A B AR, R 7E 4 B R (E
J BT AERBUR MR U0 MR i R LA
FHBR B %) A8 Ak 1 12 52 e % o (R I 215, 2008 )
It AAEREA A 2 v il 1 AR R R B A K L 2K
FRRARZE W 2549 5 D Refa e , Wl 2 1t S AH XA E
885 1 1 AR R SOR [A] T A 4y, S5 R 3
VRS T A & B0 B3 A 6. BRI &, FETE
A 5 = A L S 4 B S v T o) VAT T
(B MUREAE 2009) , 5 11348 3 el N 110 1l ( 5= At
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25 ,2006) AH 24, KT ok 8 (AR AR
2007).

PN R B G R AR EGREI 6 H i
AR AR, L Bl O A 1E R 0855 A ek AR K
HEN BB LRI R B 98 9 10 320 e /L 5 B 250
I8 A B 20 R A, A A i R A RS K AR
ARZE FEFATMEAEINRE, T LABEAS i — ELE R .

R T 5653 B it i 7E 10 H B R fE
Mo B R AR OE I BLE 6 A BEJE R A
TEVE VDI A ML B i i v T R VT 1 M
A0 A e N T G 0] i ok

TR DX 2 R A o 1 22 SRR O, LR A
TET Bk b2 R A B R 2 U AR5
R MZEA AR, A 5% IX 3007 25 19 40 B ik 12t
SB/NTFACE L RE A 55 1] Y1907 110 b AT N 7 52 VA3
M AE 25 8 K. T R AT g AE T b R b s g
KRR 8 0 Bl O A, T TE IR M Y
BB A T B YA KR, KRS G i R W
FARE RS SR A, o B T AR G A A 1 B B
T

PP TE R 2 S AR AR M b R Y R i i A
KA BAE 6 A 7E ALK RIS SR 0 RN
A T rr | a2 05 e L3 43 A 52
PR BV A 8 TR 114 e AR N (). {EL PR VS R HAE
VT 3 3 e AR AR 2 — |, BT R X R
i L I A TR A AR S IR 5 T RE, Y 25 AR R X
DX I A T AR e K e AR (1) K A R, FE R T
AERY K3 R ol A nT R AV L b Ah, 7 36
WIEZ X IR P EE2 BEY. R, X T AP vE
At 5 0T ESF ) 19 3 RS B AR 0 R A
MELEA % AT R 2 A fe v #%.

5 #5i2(Conclusions)

TEAE R IA, FTR T T M P S5 AR R I AR
WREEAEY R BB BAE 6 HAI8 A |
b b ZE 0B e (Y R OR(ELH BRAE 10 A 5
EERR AR W A AR, AR TR 4
H B fe R A 72 3 ARG, e /ML 1 B A I 1) A
— SR A PR PR AT G, T R AR 25
AR B RO R 5 R PR I R Bl R T
o 18 g1, A5 HA P L W e G B/ MELE B 4
H R BB bR A, Hedme/IMEL H BUAE A ORI
(4910 H 3 A5 DS A 7 = drp A A s ] ) 1B 436 2L
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