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Effect of calcium addition on phosphorus enrichment capacity of two submerged plants
( Potamogeton crispus L. and Ceratophyllum demersum L.)in water bodies "

CHEN Qi & WANG Heyun ™
(Key Laboratory of Ecological Remediation of Lakes and Rivers and Algal Utilization of Hubei Province, School of Civil and
Environment, Hubei University of Technology, Wuhan 430068, P.R.China)

Abstract; The micro-environment formed by submerged plant photosynthesis is conducive to the formation of CaCO5-P from co-pre-
cipitation of calcium and phosphorus in water, thereby permanently removing phosphorus from water and avoiding secondary pollu-
tion after plant decomposition. However, CaCO;-P co-precipitation has obvious specific differences. Two submerged species, Pota-
mogeton crispus L. and Ceratophyllum demersum L., were chosen to study the calcium addition (0,100 mg/L) on phosphorus re-
moval and enrichment capacity of the plants under different phosphorus concentration (0, 0.2, 2 mg/L). The phosphorus fraction
of plant ashes and the change of HCI-P were analyzed in order to help to select the submerged plants for ecological restoration pro-
jects. The results revealed that: (1) Both P. crispus L. and C. demersum L. could effectively reduce the concentration of total phos-
phorus (TP) and soluble reactive phosphorus ( SRP). The calcium addition increased the decrease amplitude and P. crispus L.
showed higher decrease amplitude than C. demersum L.; (2) For P. crispus L., the plant phosphorus content ( dry weight) was the
highest under the condition of high phosphorus and low calcium (2-0) , while ash TP was under the condition of high phosphorus
and high calcium (2-100). For C. demersum L., the plant phosphorus content (dry weight) was the highest under the condition of
high phosphorus and high calcium (2-100) , while ash TP was under the condition of medium phosphorus and low calcium (0.2-0) ;

(3) When the phosphorus concentration was 2 mg/L, for P. crispus L. the calcium addition increased the content of HCI-P and
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H,0-P, while decreased NaOH-P, resulting in the increase of the plant ash TP. For C. demersum L., the calcium addition in-
creased the content of NaOH-P, while decreased HCI-P and H,0-P contents, resulting in the decrease of the plant ash TP. This
suggests that P. crispus L. enhanced phosphorus enrichment by increasing the content of adsorptive phosphorus and calcium phos-
phorus, while the C. demersum L. only significantly increased the content of organic phosphorus in the ash. Obviously, P. crispus L.
has a competitive advantage than C. demersum L. because of stronger ability to form co-precipitation of CaCO-P under eutrophical
water.
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Ceratophyllum demersum L.
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YUK R 7R R RS A T, IR AR 3 = Rl (0 2 2 %% AR 25 Ak , R Bl 22 I R AR )

BERLR ) AR K B AR R 2 —  TERL AR K R B R BT BRI vp Ak T o R Y {5 A
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PRAE AT U S 380 5 AR 3 ( Elodea nuttallii) A1 5L ( Valliseneria natans) TEHE < 0.8 mg/L B ¥ {7 2 fa g B
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PSS A YRR ( R P4 FLAR 0.45 pom) 3 IERR 2338628 5 RBURL Y S N A TR A (5t b A T
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b 020 02 0 SR TE RS (O mg/L) RIZEANGS (100 me/L) . [HBUEF
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E 0.2-100 0.2 100 AR5k 25 F 125 me/L. % SR — A 6 b F (£
F 2-100 2 100 1) Horp JCHL# b B 3 A5 i K, HPO, 345, Ca™ Fs i kb

I IEK CaCl, SE3R. SEATAHE Ny 4 4.
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1987) 4" 5 Ty g AP B (S50, 1 h) FRAT A3 LK B 3 Wi P9 25 B , AR G 4% B W 1) 0 D7 vk 465 14
H Dou 25 (9754, BAAH . LEAEMIKALIG 6036 3 IR a) AT 50 mL ZEME/K A5 30 min LAKFHAK
MR (H,0-P) ,b) A 50 mL 1.0 mol/L [ NaOH #HY 20 h LAFRA3A HLEE ( NaOH-P) ,¢) A 50 mL 1.0 mol/L
f) HCl B 30 min DUFRAFEG 8% (HCL-P) . 4348 )5 2RA5 19 20 43 R B st i i 9 40 fk 1 ( GB 11893 — 1989) , 4%
H,0-P NaOH-P Ca-P F &5 5 A IASHE P O I 5 S
1.4 HESHIBEN R

BRANES XA 0 K530 L BOR 53 T 2H 1L (H, O-P \(NaOH-P il HCI-P) 82038 i — 507 25 43 B 3145,
25 b BRR] ) 22 538 1 o-test FRAF. BA AL BL5- M {8 SPSS 17.0 Z3#7. IR Hi /R A Origin 8.0 4.
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H12-100 A AR TE22 5 (P>0.05) . 56 8 RIARALYIIT,2-0 ZH 1Y TP ¥ B W1 43 35918 1.97 mg/L 5% 0.43
mg/L, [ IRE K 78.17% 52-100 401 TP ¥ & th #1165 F-4{H 2.04 me/L [ % 0.44 mg/L, [RIE N 78.43% . fE4: 14
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W B e TR IR B (P<0.01) (BLEA TP i BEMIR T HT R 1A (P <0.01) . 55 8 RIGRAE Y BT, 2-0 41 iy TP ¥
B I WTHGAE 2.06 me/L [ 2 1.01 mg/L, B 50.97% ;2-100 2/ TP Y& B 0146 14 2.05 mg/L &% K 0.85
mg/ L, B F 58.53% .

0.2-0 4101 0.2-100 £ A R v rh TP e B AT o 25484k, - Y (E 44 7E 0.04~0.05 mg/L Z []. 0.2-0
2H By 4 A T T TP VR BE R R IR BRI T 0.2-100 28 (0.2-0 2H 0.11 mg/L;0.2-100 28 0.08 mg/L).
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Fig.1 TP concentration changes in solution of Potamogeton crispus L.(a) and

in solution of Ceratophyllum demersum L. (b) in response to different concentrations of PO~ and Ca®" levels

FEJE AR R D B R A AR Fh, VTR SRP Y B BT REAIR. 28 8 RUSCARJE RS, 2-0 41/ SRP ik i °F-
Y& H7 0.38 mg/L,2-100 £ 0.33 mg/L. JH BL{AZ rh 2-100 4bFRZH Y SRP &A% I BE (% T 2-0 AbFR4H (P<
0.05). X Fa B FIAR 5 2 K SRP W R, Smivk B 09 W 2 (2-0 21 2-100 4H) b3 5 TP #k
AL —F, SRP ¥ B 2 ST JE BRI (P<0.01) |, {H: SRk B2 SR 2 IR TR IR S, 58 8 SR, 2-0 4 SRP ¥k
B4 0.86 mg/L;2-100 £ SRP ¥4 0.72 mg/L.

0.2-0 41711 0.2-100 £ A FHS W, SRP 1k B AR Ak Ea38AR]. 0.2-100 21 SRP ¥k BE7E 2d B REARA T £,
{EB A B (B4R , 7 4d 1F,0.2-0 411 SRP ik FEREAIRE AN 2-100 4UAHIT, 5 8 KUK YIS ,0.2-0 4 SRP ¥
£ 0.025 mg/L;0.2-100 ZH ¥R i 7 0.023 mg/L. £xfaifk R rp 28Rk BE W4l SRP 2 TRk, 0.2-0 413k
B£4 0.012 mg/1.,0.2-100 ZH ¥ & >4 0.008 mg/L.
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PP 5 A T BB AU 53 B 1 5 i /K T A 3 45 1R T i v 5 I3 SR A e 9 s 45 /K T (2-100
2H) AFRSAF T B, SE R B RN 76.55 mg/ g s TEAIRBRARES KT (0-0 41) & it e fiX, F3{E h 35.32 mg/g. T
HARWEE R PHIRES KT (2-0 240) & #rin s, T E R 5.82 mg/g; EMRBEARES KT (0-0 1) & &=l , FHME
N 2.63 mg/g.

S 10 B IR 53 S AE T AF ARG KT (0.2-0 41) Ab 3R 451 T & iR, P & iR 168.79 me/ g, AEARH
1R 57K (0-100 20) & SRR, 34918y 86.01 mg/g. T H 2 & & 7F o W = 45 7K (2-100 4H) Z5 44T B
SERIS R 7.37 me/ g TEARBE 5 (0-100 4H) & B AR, PIMEAE 4.33 mg/g. G HEAE 0-0 20 K5 BB & &
1 136.02 mg/g, T H LM A8 4.87 mg/s.

TUIGJT 25 MR VR R SRR ) T YR B T A N A3 S R, R N R 4y BB R Y TR
(95.64% ) 1 T T H B\ (86.42% ) , A5V BEXT MK A3 BB A SE IR T T 2 AW, SaEnTE28 S
A2 BB (37.19% ) BREIN , TT K i 2 B (40.02% ) FIES (42.90% ) e 8 11 2L [ 52 1.

TV Jig S0 S5 S T L R G A0 N T BRI A3 B i, (R R T ER B S B ST A 4 1
(86.42% ) fm T4 B (37.19% ) , KA & W W ST ik 7 49 (95.64% ) =5 F 4 F 3 (40.02% ) .
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Fig.2 SRP concentration changes in solution of Potamogeton crispus 1..(a) and in solution of

Ceratophyllum demersum L. (b)in response to different concentrations of PO}~ and Ca®" levels
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Fig.3 Total phosphate content changes based on plant dry weight and based on plant ash of Potamogeton crispus
L. (a) and Ceratophyllum demersum L. (b) in response to different concentrations of PO} and Ca®* levels

( Different letters indicated significant differences between treatments )

2.3 WK EMRIR S BEARFIT K

TR 53 S H,0-P \NaOH-P Il HC1-P 21 A 1 REFA 4 103K 53 i H,0-P \NaOH-P I HCI-P ¥3%
BB FES R0, o0 2250 Mr R BHBEIR B W 5 T I R ) K 4 S H,0-P & i (L RE 71.07% , &
0.3 26.56% ) ,NaOH-P & 1 (I 25 84.74% , 4 7% 64.63% ) Al HCI-P & 1 (Y 2 85.54% 4 3% 39.54% ).
BV S T AME A K 43 s T H, O-P i (I H 18.60% | 4x i i 66.62% ) , NaOH-P £ 4 (i &
1.41% 4xfass 14.45% ) 1 HCL-P 48 (2 2.60% 4= 35.63% ) (£ 2).

JHEL) H,0-P HCI-P Y78 =5 = 45K - (2-100 41) & f5 d5 = (Bl 4b, ¢) , NaOH-P 7£ = i IK45 (2-0 4H)
i m (B 4a) . FERTSINANGN 0.2 mg/L Bk T VR, 85 B3 T IR D = 1 JK 3 H, 0-P (HCL-P 1
NaOH-P & %A %M (HAER N 2 mg/L BRWR ST, 5585 FUS N NaOH-P & &AL, i H,0-P \HCI-P
TR RIS BT 3 A JH B NaOH-P £ R RV B TH = b . R nams e85 719 3 A4k 3,
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HCI-P 5 BB vk FEE 1 ik . R 2 SR EG XJ AR 2 e ) BT L

4 PR H,0-P 1 HCL-P 3475 S B L 475 /K Tab.2 Percentage of contribution of phosphorus
E(0.2-0 40) &% 5 (& 4b,¢) , i NaOH-P 7655 and calcium to plant phosphorus differences
e 45 (2-100 21) fie i (B 4a) . RIS IS B 109 3 - I RIF 53/ %
YUIREEA, 5 0-0 4LAR H,0.2-0 1 2-0 4169 NaOH-p B IR ke ek

BEFE  H,0-PHI HCI-P 7£ 0.2 mg/L BV R &

[N . v W TELSE 8642  1.65™  2.51™  9.43
R TRINASES IS, 4 i K 5 SR TP Y H, O- )

Koy EHE 95.647 2,607 0.18™  1.58

P _HCI-P i NaOH-P & £ 35 W 25 U g vl 85 1) 7 e KEHERE  71.07°° 1860  1.24™  9.09
M. FER AN 0.2 mg/L BB T , I8 HHLBE 8474 141%™ 11.55* 2.30
JINES B FREAR T H,0-P (HCI-P 1 NaOH-P % &, {2 FERE 85.54™  2.60°  2.90™  8.96
2 mg/LBEMREE T, B NAS 8 HRML T H,0-P 1 &fal THABE 3719 312 32.89™ 26.80
HCI-P 44 ,NaOH-P 4 7} ROy B 40.02* 42,90 16.34*" 0.74

KIEMERE  26.56* 66.62** 52  1.62
3 iFit AHLBE 64.63% 1445 17.91" 3.00

5 Tk 39.54** 35637 23.23** 1.6l
3.1 {&i% TP #n SRP 354k,

AR A A R R A7 e 22 5, oK = FUF P<O.0S AP BRI G35 s L3R P<O.015 s AL
PR TR RV B R . e A T gy 2% D<0-001s ns L2 P>0.05.
FWIHLIX A Z2 5 [ IR S F T, PSR M 7K PR A A 2 B LU T e e ™ (I P R 5 0 P R B 055 3 2
B (TP 3.35 mg/L) )22 A J7 R0 (P A1 R 4 fra ol (L 2 £ 38 %) SRP 1 22 R0 fik i (42.02 g/ (d - g
o)) IR TR (40 ng/ (d-g BET) ). A TP FI SRP ¥k BE AR LR, T80 4 0 SR K U b (O B 18
LA W) S 2 R T R R B 0 AR T, 75 8 ViR BE Bl (2-0 ZEL0 2-100 ) o, W 4 R ) TP e JF iR MG 5]
0.43~0.44 mg/L,SRP ¥R EFFE{%E)] 0.33~0.38 mg/L( [# 1a, & 2a) ; M4 3K R 19 TP ¥R BE7E 1.01~0.85 mg/
L [, SRP ¥ 7F 0.86~0.72 mg/L 22 il (& 1b, [ 2b) . i 2 5 Ay 28 4k 4 £ 3 75 32 3 25 5 7R it i (N
10~30 mg/L,P: 1~3 mg/L) A5 HA— i B Bk b NP i B 7, (E R4 £ BB 1 B S 75K F 19 715
(N: 30 mg/L,P: 3 mg/L) MiREAE"" . 76 2.0 mg/L BEWRIE T, T X KR TP 1 SRP 25 B8 fh 28 L 4 £
P S, 302 PR T 0 s A B (12,80 mg/L) RIS ME DY K F g ™ (RS 4 K, Bk R (2-0 410
2-100 #) ¥ TP F1 SRP ¥ BRI R BOMEA BT T, X SR ik ge— 20, BIVUK Y 4 ol e T R
BFAL (R EIBIFE TP 1 mg/L, AR TP 2 mg/L) I AT BEAELE B WL~ B — FEI A A1 AL

T B R S INES B T AAESS 2 KINE SRP YR BEIG TR SIS B 741, & 030k R AN 8 T2 7688 6 K
B 3 P06 TR VRIS 85 7 ([ 2) , R WIS N0 8 TV b SRP e JEE bR e, I ELVR %5 85 T4 1
VWP, SRP ARk L TP TR . X5 Otsuki 25 lBFSE AT &, 19 SRP REA 2 5 CaCO, % R SETTHE.
3.2 MMEYHNTESBMK S B8

VLA IAE I T o DE 3 35 o B WS S R A B AR R B SR R, D Ik A
SR (4 J2 I R D PR A AR B AR B O ARSI b BV R L B T VBRI i T 4
B, ELT T AR E B K P Ak PR 5 v (T 7 7 IR K O (2-0 41, 4 0 385 1 5 9 728 45 7K SF ( 2-100
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