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Influence of submerged macrophytes on phosphorus transference between

sediment and overlying water in decomposition period
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Abstract; Eutrophication is an important indication of serious water pollution. Phosphorus (P) is a key factor causing
eutrophication, because it enhances production in an amplified positive feedback. Submerged macrophytes play an important
role in P cycling, especially in shallow lakes. However, most of the submerged macrophyte died in winter. In the
decomposition period of submerged macrophytes, the decaying macrophytes may be an internal P source for the lake and
considerable quantities of P to the water. So to study the interaction of P among aquatic plants, sediments and water is
important. However, the effects of submerged macrophytes on P cycling in lakes during the decomposition period are much
less understood. In this study, submerged macrophyte H. Verticillata, V. natans and P. crispus were used as material.
Through laboratory simulation experiments to study the relationship between P concentration in water and sediment and
environmental factors [ pH, redox potential ( Eh) and dissolved oxygen (DO) | during the decomposition. The results
indicated that submerged macrophyte H. Verticillata and P. crispus increased the concentrations of total P (TP) , dissolved

total P (DTP) , particulate P (PP ), dissolved organic P (DOP) and soluble reactive P (SRP) during the decomposition
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period. V. natans has no significant effect on P concentration, P concentrations maintained in a relative low level (TP,
0.04—0.06 mg/L). The changes of environmental factors have significant effect on P concentration in water. The
concentrations of TP in water was significant negative correlated with pH DO and Eh in the groups of H. Verticillata and P.
crispus . However, environmental factors have no significant effect on P concentration in the group V. natans. Sediment P
concentrations of total P (TP ), HCI extracted P ( HCI-P), NaOH extracted P ( NaOH-P ), inorganic P (IP) , organic P
(OP) were increased during the experiment course. The concentration of IP mainly caused by NaOH-P .Compared with IP,

OP has larger effect on TP, OP has significant positive correlation with OM.

Key Words: submerged macrophyte; water; sediment; decomposition

WA B E W b WK A E K AR B A AR A8 R T 1 B R 1A 16 52 0 B Bk AR, LR AN A
MESFE T OO A A2 DOKALIAE KA A 8 R G BN G 7= 3 WA KR AR 28 R S 45
58 K R G ke A e R m 2 KRR AL 1 pH DO A1 Eh 5GBS 52 i K DB A i
ARG BRI RE ) SRR A K AR T v 005 X3 b N T A O 32 A0 T 9P A B PR 8 IR T K R A AR A
Fead B v AT LA 3 6 A A FH A6 8] FRIRBE IR 7 = A S i), 38 7K R 9 pH DO Al Eh 45, TR, 76 K AR /K 181
AT ISR FH AR AL 04 7 =X X B E DR 7= A B2 i, DA T 328 380 5 i K — U AR ) A T A AL A B
BT ABJRTUKA G A BT — 2 0 R I, 280K A e 7—8 A BEE SR A T A B AR 40T
AR BIRCR, MAERK AR WRAE T, A DB (ANIR T3 DR e 545 ) m] DL & 1510

VUKD AE T30, M RRSE T2 185 Lot | E T TR A 1) AR R AR ) R 1 85 FR SR e R 5
AR [T S5 6 X AR RS 7= A B R s Y RRITK R B A B BRI (I 5T £ A T e R A A AR K
XS POKAE Y T R PR BN A 5T b R AR SE B AE BRI 25 44 RS [R] 2805 8 T DK AR gk A 7
W, R HTK AR 7 3 T X K AR RO 45 TR A s I B2 1), 23 AT BR B8 R 1 (pH . DO A1 Eh) 945 Ak A 1T
BZREIMLR,

1 REHRSiET
1.1 Me5ET

TR K E B TR KRR R KR (32°06'10.36"N,118°54"13.75"E) , R4 Ja FE SR iR KT )5 1 100
H 07 , Bk S shAa P sk ik, SRI5 740 R AT, BHIR AT MR O & 2 B B Al (TR AR X BLARX ) =
55cmx45 cmx75 em, MFEL L 5% 1) HCL AL PR 5 wride T ) |, IR B J5E B2y 10em, i 5t 5 2 4821.00g,
SR G 12 A K 1001,

i REAE ) (R TOGEEARAE AR FRARBCATE T2 AR, 43 35 RO /K A ) FE | RN A Sl SE B A
Do K BIRE V B S TR T KAB ) AR ) 254 S T X /K AR M e i A RO 52 i, S 96 T 3% 1, AR R B AL ™
FHAERZEIE AT 9 R DU R R R IR, AR R R A T s e TOR 2 1, AR R IR L, AR R R
BRIk AT,

FK TR0 S AT B R TT 9O A R UK A o A (((835+25) o S HE ) AR IE (660 16) g B ) I
SIFPAE 3 A, 5350 3 AN HEATUT/K AR Y AR A by xof B4

BV E SIS B BT 6 A, R UK PITE R ((476£12) ¢ B 5 ) FhAE 3 4, 5340 3 A ZEATIT
TKAE PR ARE A S % R

UKRLY BB 5 AN YR 35 2 A A5, SRR MR 38— AR AR AR, Y 50 R T 32 5040 .

SEYGTEIR B Py N R T, BB E R 4—7 H o BKESLER R 10 H—24FE 1 A, LT IR R
Ve AP FEERPIGRE AR 1 R,

1.2 BESHHr
TR SR 4 SR R W A8 3k B ) 2, B VR B /K T LR 5,20em 1 45em AR AYZEARBUK (50mL) 1RA), BRIk
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BUK 5 78 IS AR TR K, AR RNBUREHS R /K B , A H 42 BRZR & SR IINJEE /K, SR 2% & i ok 1 K 43t
¥E, K TP A DTP ¥ B 2 SR FH ik B S Ak i ;. DTP VR B2 A A2 K /K BE TS 3 0.45 pum FLAR I T TR
L YEPE R 15 A BRER B AR AL s SRP MR BN AE K /KRR FISE 1L 0.45 wm FLAR A8 TS 1R 21 4 08 6, 1717 )5 FH -
BB, B Skalar(far 22) WEah A BT AL 2 . PP MRIESH TP WS DTP WRIEZ 2%, DOP WRJE N
DTP ¥¢J¥ 5 SRP W2 25 RAMRER B IE 3 1K,

F1 ZWRGK KRR EYMFRENAE

Table 1 Initial value of water sediment plant and algae in the experimental system

WiH AT TR E THH X e
ITtems Unit H. Verticillata V. natans P. crispus Control
K Water TP mg/L 0.07 0.04 0.09 0.08
DTP mg/L 0.05 0.03 0.04 0.06
SRP mg/1. 0.24 0.00 0.02 0.01
PP mg/L 0.01 0.01 0.05 0.02
DOP mg/L 0.03 0.01 0.02 0.05
J/is/A TP mg/ kg 736.25 704.58 740.66 744.17
Sediment NaOH-P mg/kg 253.37 232.77 243.30 261.47
HCI-P mg/ kg 288.42 292.42 255.33 286.25
P mg/kg 459.17 453.25 436.18 454.17
oP mg/ kg 231.45 209.94 254.34 242.24
¥i4¥) Plant ¥ Average length cm 70.42 46.91 71.24 0
FEEL Number of plants n 150 85 100 0
) Bt Biomass g 650.32 850.36 480.36 0
# Algae ¥ Density x10°#k/L 8.10 9.40 7.80 8.50

UK FH OB RE R R e A R A DU AR G BRI S SR AR 5 ANOBIRARFE (B DI A2 2em) |, RAE IS
AR i 20 (25°C) KU, SR 5 X KT AR B i AT 580 e SR AR SR 1 SR B FK BE B AR . BT S
DURWYIRE S SR R 38, 2 100 B 5 5808 A AN R T TR b B E S8 b, SRETTERYIRE Y
]I SRAAEAE WAL o, DU AR Wi, OF 0 v A b il 5 DLAR )RR B OE 25 40 B ok R I B i B SMT
(Standard Measurements and Testing) %' pH 1 Eh I % 2% JH 76 & 8 ( PHSJ- 4A) I 5E AL %E . DO %
YSI 5750 (3K ) MAE

FEDUKAE T, Gt DUKAT ) B o RN AR R T I B AR B (X em) |, b SR ORI B Ak 5
SRR AR T2 A% G BEHE 2P R R R AR AR AR A I AT R AR R TR, W RO R AR R
ik o AR R SR T GE T, TN AR R B i e SO O AR RIS LRI 2 R R S
THHAPIREE P i R S B, IR B i R S8 B (X, em) GBS AN [FEAEY A Wi (W,
g) A EE Z [ R BOC R, AR TUK e A K S R 9 A W AR s YR, A RITUK Y A K
SR A= Wy e pRBHE SR DG R

Wy =0.0196X,+0.5207 R=0.74  R’=0.55  P<0.05
W =0.0501X,-1.3515 R=0.85 R*=0.73 P<0.05

Wy =0.0202X,+0.1862 X,-0.2235 R=0.91  R’=0.83  P<0.05
XFIT KR ) RAE S5 AR DT /KAE ) B0 JE AT, A5 el A RAE X SC 50 R G s A ok T B e
2 ZWHER
21 FEUKSIESBES RZEL
FERKZELI T R S S S B 5 T IR B 1], SRS A58 A 0028 Ak S W 5 A B e iy
AW AR SE R T 4R e s T e, T AE SR IR 5 40 KA B KAE (TP,0.63 mg/L) . ARG 7E 505
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50—110 RIHE] , K b & T A8 & B 18 FRAR, B SC 5045 ORI TP & 88 0.23 mg/L, B8R AEF—AN A XS
R BRI R AL A5 TR AW 1 3 B 3 PR AFAE — DA X3 AR B K -, TG BH 8 19 9% 511 (0.05—0.09 mg/
L), ¢t Mg, R e T A P BB RS A A K IR S TR S A0 5 1 35 T (P<0.05)

TERK S o RS0 R, 35 R A TR B 00 B i S 3 R 38 0 B 5 e 22 5% (P>0.05) T HL, 5 F A1 4%
TE 25 W & i A28 AL AR X 3084 (TP, 0.04—0.06 mg/L) | 7ESZEGSS 40 KIEAT L TF SR R FRAE A X 484 5 7k
(BT ARSI A TP A& I X IR 3% B T o R A () 0 R 5 R K R rp 45 08 25 B 1Y
WETE,

TERZEL R B WA AL SN & TS (P<0.05, 0 k) o T H 4L 78 T W MK R4 08
AW B S Ab R SR R B2 20, 52 ) 0 A B0 i R AR AL FE SR AR 70 RIS K AR TR AT 1Y & i ih 2R K
{H(TP,0.63 mg/L) ,SRIGTELH 5 IR 12 A, B SC 50 25 KA h TP A9 & 5k 0.18me/L(E 1) . HAh&IE
WAL FE A TP 2501, HUE PP (A X B 22 , AR (R AHXT 22 A, DRt 3 B A s T i ) ge A 75
IR R TS A B i 2 T

0.80 r i - 0.60  m .. —-— i
msn [ Verticillata —e— M H. Verticillata TP | H. Verticillata %?ﬁH Verticillata SRP
W V. natans —o— WHL V. natans TP W V. natans —o— B V. natans RP
TP, DTP o- XIM@ TP SRP. DOP. PP -o- XM SRP
—a— B H. Verticillata DTP —a— B3 H. Verticillata DOP
5 0.60 —a— W V. natans TP —a— 8 V. natans DOP
) o XE DTP 040 | - %} DOP
< —— B H. Verticillata PP
~
® § —— L V. natans PP
KE 040 f -o- XfHi PP
=
3
g 0.20 |
~ 020
) e e
0 20 40 50 70 110 0 20 40 50 70 110
fif ] Time/d

E1 IHHERRE SEAEEAMMBEIBKERESHSETN
Fig.1 Changes in different phosphorus concentrations of Group H. Verticillata , V. natans and P.crispus in overlying water during the

experiment course

2.2 DIBWISIB AR E L

TERK RS | B2 & B SR B S R I AN R AR BE A bR 3 (2, ¢ R 3R W SR 20 X R
AT AT & 22 SR PR S35 (P>0.05) o RIS B0 T A AR AP LA, 7 52 36 205 o I S 38 24 S0 B o TP
NaOH-P (HCI-P .IP F1 OP 535 T+ T 4.61% .5.33% 4.89% .6.17% F12.02% , t K36 30 | 50625 ok it MR i 2]
B TP \NaOH-P HCI-P 1P F1 OP JHE ¥ K35 8 8 K7 (P>0.05) . 7ESCR T FE b TP A B KT
=, TP & e SCIRZE SR 770.17 meg/ke, IR L 1T T 33.92 me/kg, 7ESLIREEHET [P Al OP 4351
F+T 28.33 i1 4.66 mg/kg, 1P Fl OP ik & 43l i TP Fhim5 & 1Y 83.54% F1 13.75% , NaOH-P il HCI-P ¥£
ST TR T 13.50 F1 14.08 mg/kg, 535 di TP FHE B 39.80% F1 41.52% (&1 2) .

TERKRIL G W R &R S & ) 5D EE E TGS, AL T IR IR U, 7E 5230 45 o 7 R 2
U TP NaOH-P HCL-P 1P 1 OP 4331 17+ T 2.08% ,3.03% \1.47% 2.67% 1 1.05% ., + Kz383RW], 924
SEF B PR o TP NaOH-P (HCI-P IP 1 OP T ¥ RiA %] B MK F (P>0.05) . TP &8 7ESL ¥4
HHHA/NEBE T (T T 14.68 mg/kg) , SEIRZEHET TP AT OP 435 EFHT 12.06 F12.19 me/kg, 534l i TP
FhE R 82.119% M1 14.94% (P 2) , NaOH-P 1 HCI-P ZESZ R Z5 540 BT+ T 7.05 Al mg/ kg, 539 &5 TP Fh =
) 48.04% 11 21.19%

FERZES D R A S & BB R EORIE R BTt s FISEI0 T G B RE LU, 6 52 3045 S i 2
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M H. Verticillata
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Fig.2 Changes in different phosphorus concentrations of Group H. Verticillata , V. natans and P. crispus in sediment during the

experiment course

HYTARYIH TP NaOH-P (HCI-P [IP F1 OP 235 L F+ T 6.13% .10.67% .3.62% .7.36% F113.94% , « K34 , 52
IS 45 SR PR DU TP \NaOH-P  HCI-P 1P il OP FhE 4Rk 2] i F MK F- (P>0.05) . TP & A 505
GEP A IR BT (FHE T 42,17 mg/kg) o SCIRSE I IP Hl OP ¥ S FHEstass 1P F1 OP 435 FF+ T
32.41 1 8.16 mg/kg, 539l 5 TP Fh = 14 76.84% F1 19.34% (& 2) . FHIL IP &5 T TP Fh & i EEZEH 4,
NaOH-P F1 HCI-P 7ES25 455173 ) FHim 17 21.58 #19.34 mg/kg, 439 i TP THE & 51.17% F1 22. 15% , [H itk
NaOH-P J& TP Fh i i 24 4
3 itig
3.1 YUK TN BB KRS R R
311 PUKAEY A YRR KT A B R R

H T HEY) A B G5 R 2 N R A DT KA S T I o i ORI A R B 22 57 o Tt S <ot R S S I
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PT35SO A 1 T B T 0 i A G AR S0 Z5 A T R R S0 56 v DA i o R
TEHT 40d Fe K (°F1 8.39 g/d) , 7F 40—80d S& /i il T2 4.12 ¢/d,80—110d 4 2.10 g/d (&l 3),
I, BEEEAET 40 AT 43 i 1 2 S a0 0 0] K AR A T A S AR AR 40 KA B RAE A B RIA
TP PR 3 ik 1) KA R ROt AR B, 0 T BOK AR gl 1 et TR T e 1) R

HARFLE Y ,0—30,30—70,70—120, 120—140d HIFT/KHE I T 50 189 43 A s R 433 ok 3.73,5.93,0. 77,
1.32 g AT (B 3) o FESEIREE 0—T70 R H 43 G SR R0 i, 3K R T BOK AR il e s T e ) R

FERKZESEG v T8 B ALK R R 45T A5 i S 2 TE I b A 308 B, 3o R B A IR A0 ik R %, 7 S B g v
T HOE Y E RN 1.60 ¢/d, BRI A R 45 TR L0 A2 B 5% it [, 30 2% S B30 6 0 [ o B ] 1 7
IR I A O AR A AR RO AR LR 222 J5 A

1000.00 - 600.00 - .
B B¥E H. Verticillata W¥L P. crispus
O V. natans
800.00 S
Z
e 400.00 |
= 600.00 + T
3
g
.2
23
m 400.00 [
] 200.00 |-
H
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0 0 m B
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[} ] Time/d

3 ZRHEEENMNENETL

Fig.3 Changes of biomass during the experiment course

302 KU TAOBCERS A KA SR 0 3

K TRSE AT S 0 U A S A0 W 5 B B 52 WA 5 9 DO A1 Eb 5 ) 370
BUIRBRAOUOLC ™). SR BT SRS, BB R CR N TR SRS T IO BEICRE . O AL
UL TS, R AR LI TRt R Bt s, FL T Fe™ B Fe™ o™ SRR 4 A0 UMKV RO BEL B, 0707 SR
TRTEABE RIS PR, Fe BN Fe™,— 7 itl POT BB BORBUVERAHE A EBIAK, 5 —
Jr T Fe( OH) ] BEURFEALMIT I 1) Fe(OH), , RIERE O T L 03 B 856, 5501 RUK s i i 25
HeRER

AR 5o SR SIS 40 FOHUHI AR H AR IR KUY DO B 2RI B 8216, 4T 1916
S 1T AR IR T DO B Eh Q2R T, 53504 B Rk U A R A8 s
{EL, L DO 06 27 RE TSR MIRLR R A 1T 4)

SRR IR DO A1 Eh 7556555 400 FIRE A1) T 08U Ak B 1 DA, T 5 00 9 715 T30
TUURAIRE KRB, KK RFRBEE T DO A1 Eb 0078 fl A U iR & BT TRy — AT 25
R 1T S SRR R GOBERIK 10 S0 DO I Bl (9 A%, BT 6 T S0 BUMI R o3 0 i
S5 B PRSI T MK G i 46 B 50 2 LR SC 305 40 FEJe A R

SESRAL pH I ACHIAT R B SR (18 4) HIXHIRELICH 2% 52 P>0.05) | T Ik S 56 1%
AU pH B 8. (ERA U R A T REEFRSS 1, o TRRPERRES A7 T LU RO R, BT DL
BESETSI) pH (00— PRI ORI (E5C30 K U o IS A R 1 LR XK
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Fig.4 Changes in different environmental factors during the experiment course
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Table 2 Pearson correlation coefficient matrix between phosphorus in overlaying water and environmental factors

TP DTP PP DOP SRP
S H. Verticillata DO -0.64"" -0.40 -0.42 -0.03 -0.40
pH -0.86"" -0.54" -0.61"" -0.02 -0.58"
Eh -0.68"" -0.52" -0.27 -0.37 -0.53"
FHL V. natans DO 0.23 -0.23 -0.12 -0.31 -0.18
pH 0.20 -0.45 -0.44 -0.40 -0.33
Eh -0.09 0.16 -0.26 0.17 0.22
JHLEE P, crispus DO -0.45" 0.03 -0.04 0.14 0.06
pH -0.50" -0.27 -0.14 0.14 -0.26
Eh -0.77"" -0.40 -0.02 0.04 -0.38
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Fig.5 Changes in of environmental factors in Sediment during the experiment course
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Table 3  Pearson correlation coefficient matrix between different phosphorus in sediment

S 4H Experiment TP NaOH-P HCI-P P oP
¥ H. Verticillata TP 1.00
NaOH-P 0.45 1.00
HCI-P 0.55 -0.33 1.00
P 0.63* 0.74* 0.58 1.00
OP 0.74* -0.60 0.45 -0.29 1.00
FH V. natans TP 1.00
NaOH-P 0.47 1.00
HCL-P 0.53 -0.29 1.00
P 0.68" 0.62* 0.51 1.00
opP 0.76* 0.40 -0.37 -0.50 1.00
HLEE P, crispus TP 1.00
NaOH-P 0.61 1.00
HCI-P 0.59 -0.44 1.00
P 0.58* 0.70* 0.55 1.00
opP 0.61* -0.07 0.02 -0.29 1.00

# AARHELE 0.05 /K W3 CUMARSR ) 5 = HISSHEAE 0.01 K 35 (UG 48)
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Fig.7 Percentage of phosphorus in ‘sediment-submerged macrophyte- water’
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