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WE EEHEN, RAKEKEREZRERE, 2RBIVHRE RNHi k. ¥ LAKEMIBEX
BB RAERKE T UL MEER, TEXALEAEEZEL, AFAXKA LEE#SHEN
I7 ik, BURFH W R R E R KR KR, 51K 4 £ % (Ceratophyllum demersum) & & 47 IR F 3
(Potamogeton pectinatus)# AT 2£3% 55, AR R IL 2 ML A S R AL REERAF . BEEK
EREMB R RLENEFENT ., FRET, 2R RERTRTFETEERRALREA.
B 5 IR KT (P<0.05); 4 3 fn & 7 IR F 3£ ¥ A 40 | K 4R I % (Cyanobacteria) &£ K, A 3 xt B
% Fo it % % (Microcystis sp.) ¥ F % (P<0.05), HEHBRFEM KL EENFHRRENLE, LH
GiREr, BUHRTERFAETE TR 93.6%, EMWETHE 98.9%, F4F atETH 60.5%; 4
fERRAEEE T 72.5%, £WETH 86.8%, "4HhZat BT 543%; 26 EmE FETF
KN BETRIFEAKRFHREREY L FEE N, LR RGTHRLENIHUERRER
O ALEERUGHERENSHEREAT 984%, EHFR T ERRATHELENSERTE

50.3%, KATRERT HARKAEXNFAREEPRBEFSZ,

e 40]

hESEES S931  XEIFRIREE A

AR, FREKIRE BB 258, TR
MRRRMAER, A (Cyanobacteria)/k 18, &
BOKMKEY Z A A, H 556 it 3 7K A S 2L A Fh
9 108 5 (Microcystis sp.), 15 99%UA F (G # BH4E,
2019). THEEFERT R R EDK T, XKAELY . 3R

baE; BWRTFE;, FHEX;, RAME;, K¢
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FE K 7= i (FA B 45 1 A f& 3 (Rastogi et al, 2014;
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FIAMEERIE 58 LA 2 A 0 DUKAEIAMAR K | A8
W WO AR SRR B 5, R AF SRR I,
IKAEREI AN AT DL 82858 B R HDG IR, Rl 7K
A= HE W) RE A ) 7K 430 S B B i A5 L 2R
B4, AL R A K BORIESRESS, T il <K
4271 % = (Nakai et al, 2012; Zuo et al, 2015), X L&)
WERE RS TR ) Ak 27 o e R v BE R ] A 391 ] A
M, BA R AERZ2PEERESE, 2012),

Hal, LZBAAMBEENNTUKEYCAH 30 £
Tl (255, 2009), 6 RIS 45(2005) P58 A B, 4 £ 35
(Ceratophyllum demersum) . & i iR % (Potamogeton
pectinatus), 75 (Vallisneria natans)&s ELAG 1 il 4 ¢
T #E 3 (Microcystis aeruginosa) FUA/E A, oA, 4 35
FIVEE 07 IR 73 B P e RO AR #5058 . Hilt 58 (2008)fF
FERI, /K& (Sratiotes aloides) . 7Kk J #i(Cabomba
caroliniana) &5 X 7K A2 A AR A I HIVE - BRILZ
Ak, M (Hydrilla verticillata) . K% #: (Myriophyllum
verticillatum) . ¥ %% (Potamogeton crispus) . 4k ¥
(Elodea canadensis)=5#fs il LA B 8 3 il /K 48 8 2 1) A=
£ (Zhu et al, 2010; BkiL5E, 2016; Wang et al, 2017;
K24, 2017),

O A BF 5 22 45 v 1 B 1 R 25 R 4 £ 30 K AR
A B E IR IR R R AR DT A %) B — AR $se
ZE(UN'H S I e B RS2 RIS (2012)0F 58 K BE
B IR 7SR K A o AU A B i R BRI . BAE
FBRR L 63.06%, Xt B LB A 96.63%.
TR HAEQ01)MIF TINE#E . 4 e KB R IR T2
3 P UTKAE DL A XK AR B AL RE T, R B SN
O KRB R B R AOCR . IR A
(2018)WF 5T 1 7K A AH W B 5 X 7K 4 £ JIiE 3 (Anabaena
flos-aquae) FIHi ¢ i 28 5 i AL BB VR FH o (H3EBR/K
PR E L, HERA—, X TIUKED X
KR ZR A BRI I T 50 o ARBIF9T R R R S
FUNEF PTG 1) i, DAE DLUTKAE ) 4 #3814 HR
TN IR, R 5T G 5 58 it I I U 2 )5
Wal, 5 TR R4 i SR A M E K A2 ) A A $R e Y B
WA

1 #R5FZ*
1.1 EIe#fal

S BIRIR 73R A TR I K2 55
S U IE(35°19'38.363" N, 113°54/09.482" E), R [flJ5
A RAKBEG, KbRZeht, 7E508 s ifbisss.
I3 7K AAR L 1 Y i U K 2 5 A R b Ak T S K AR

B RRB ISR FE I
1.2 LIt

AR g U 91 R 2% 5 b it 34 ] — &b — vk MR B R
JKAE 6 L, HIE T2 2] 3 AN 5] 175 BH 3% 355 0 5T (=
12.5 cm, JEFHAE 10 cm, K HAE 20 cm)H, JUJIR
Ve, BEE 3 SEERAL, 5 1 4875 H XTI (Control group,
CG); %5 2 M AK Y 8~12 em, fEH L) 9 g, A KR
R HZR IR OK PR Y 4 0 SEATL AR (C. demersum
treatment, CD); 55 3 41 ABEE L 9 ¢, KR,
FH 7% 18 K ¥k v 19 B 15 IR F 3% A #k (P pectinatus
treatment, PP); £F4H % & AT, MRS 5% (Dong
etal, 2018)15H, 7£ 4.5 g/L Al IFEW NS, LI
SEE BRERE S 3000 lux, YERG N 12 012, KR
20°C~25°C, SLERJEMIN 21 d, SLEHAME]4EK(09:00
21:00) HBFEHEIR KA, 457 d BUKHE 50 ml, 5353
FHTHEAm M5 B L FhIs | AR FI 4R a & ik(Chl.a)
AR R R PR S e 45

1.3 MEFE

WEBE K AR K REARBE . BORE T FH B B B TR S K AR
By 50 ml RSy, I0A 1 ml 8RR T E, fE
TiRE 48 h 5, RN N 3 mm MR 4A4S, 45 kgL
1 B AT B L AN MR, R R A R 9 O R 9 R A
ANEIK, LISHZE BN 8B UUTE LIS R
W, VIARTIHESRHE, ®T 2y 10 ml GTyEd, HIA
HEAE R, Ui

WE BRI R S - MR AR DTTE S
PZKEEFE 45T, AR AR L 0.1 mi & T IF A
YITHEOHE N, 76 10x40 £i5 8 6088 F S48k, & HE
AL 2 B 2ME, R4 10~20 #% . [A] 14>
FERIY 2 UOTEEE AT B8 2 2 A8 KT HAF- 5
+15% . BCFIEAE I RS R . IR e S
% (P ERAKEEZE ) (SHBAE, 2006), LI E>5%

Mgk E a FEE: SRRSO TR
(Lichtenthaler et al, 2001), H 3 ml £ LA 10 ml &
L8 d ) 8000 r/min &[> 10 min, F FiERG, 1A%
ML 95%Z 1% 3 ml, 7E 4°C KA v BB i
24~36 h A5 h AR, LR 1 R). #2
&S, 8000 r/min 5.0 10 min, B I, R
AT RE T AN SRR T B ) 43 S 22 665 FT 649 nm
WA TR G G2 1T 95% L BEREE) . 4% F AL
KB4 E a & H(mg/L):

Cenia =13.95% Ages —6.88x Agyg (D
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TRACFE PRI AE - SC50 25 A X K AR Sl (TP) . AT
Wk MBS (TDP) . MZ(TN). AV M E(TDN). &
H(NH;-N), AHZSH(NO; -N), 275 Sk (COD)
FRAL R F BTN o ZKFRE SR ER I E k5% (KM
JE KR B 7 ) B VUM (BRAE RS, 2002), fh2E
7 A (COD) MM 72 T i 2% (SR FH K IR B8 fb 2 52
5% ) (FFfTZ, 2006).

1.4 HESH

B MY T E RS (KRR )
(B3, 2005), VR KA Z MR Shannon-
Weiner $5 %% 275 (Shannon et al, 1949).

H=—;Ff1nF? )

K, SHHWFEH, PCoAYIFN | BAMKRTE 2K
AR, H YR 2R EL

KA SPSS 22.0 X i R4 T 8 K 2 T 25 0 B
(One-way ANOVA), M AN Z [ 5, I
i Tukey HSD fr3oibiT 28 thi, £ 5iH &
B An R FH A D i 22 04, 4L i) 2 8 LR A LSD
K56, {di ] Excel 2007 #EFT1ER

2 HERESH

2.1 AERTKEDEFTREEFRHTHER

THRI R, KRR A4, AKARE SRR S R &
PALIRFRAEIE, o0t 21 d 853505, SR ZH K iR B
AR K A B i A, 25 5 UL 1~ 40 AR R X R4,
IMATUKAED R g, RN N &y
Bl & ARk, TN & B 084K, TDN & FEEA
B FRE, NH;-N ZEARFGEA WA —ERENT
W&, M, NO3-N fEAFAFA BETE; [
i, TP, TDP &t % FFE(P<0.05); L5l hib2%
A I L, AT, A DUKH Y (&
B BN IR S T RAUKARE SRR, HE R
MR 75X PR WSO 4 i i R T A B

2.2 2 MARITUKEMER THZFFEEERR
EKHIEFR
SEHRIME], KRS E 46950 ] (Chlorophyta) . fif:
71 ](Bacillariophyta) . # %/ |(Cyanophyta) 3 ['] 13 F
Um)Bes; Hr, gusl 1A Bz, L8, il
VBRI 61.5%; WP TIRZ, R4 Fh, SR EY
SRR 30.8%; iEEE 1A, (5 IR EARELEY 7.7%.

~ B B A TN 1954
L o16} a O WFHERTDN g &
5147 a 4 a 7 E’
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& 12} 6 3
2 o 15 %
8 6F 3M
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Fig.1 Changes in concentrations of TN and TDN in
different treatment groups

[ —F8br b A AN FNE FREFR R R 8 E 22 5
(P<0.05), A AEF/ING FhE# RN A T & T2 5
(P>0.05), [

The means with different letters are significantly different at the
0.05 probability level, and the means with the same letters within
the same column are not significantly different. The same as below

£ 0010, @ B EANHN 125~
i O #45A NO>-N =
< 0.008} 120 &
LI 5
I8 2 0.006 | 1508 &
s a0z
®E ® o
I E 0.004 | . 10K B
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5 0.002} {05 3
5 5
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g o ‘ o 8
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Fig.2 Changes in concentrations of NH}-N and NO3-N in
different treatment groups
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s St BRZH P, B0 OB O 48 3 FELE T8 5 S
~0 14 d i 21 d BRI S 235 F
714t
g" 12} a . 23 2 MARMKENEF THEHFERAEME
g 10} EEWER
O
5 SRR (B 13 3) RRF AT 5,
‘%‘E 4l FE AT Ay W ) A BRSBTS [ TOK
S YN, BRI 28 5) & B, X
0 , , , A, RAMBRBERL L, TR,
MRECD  &AWECG  RFRAr FHRCRETE 14 d B0 3 T R (P<0.05). SC0iEAT
B4 AR B A A2 T R s AL N 21d, XML, 4B AR H R %
Fig.4 Changes of COD in different treatment groups FETRE 73.3%; BERIR 32853741 F % 93.3%.
F1 MEBEZFHFRRERBRMHEHRT
Tab.1 Temporal variation of phytoplankton in the control group during the experimental periods
PZ Y Phytoplankton 0d 7d 14d 21d
Z&3%:17] Chlorophyta JTC: e Scenedesmus javaensis ++ ++ ++ ++
VU FE M Scenedesmus quadricauda ++ ++ ++ +
A Scenedesmus oblipuus ++
A Pediastrum sp. + +
5 B Coelastrum sp. + +
EEE Actinastrum sp. +
eI £F 4 Ankistrodesmus angustus
[ Oocystis sp. + ++ ++ +
fE#E] Bacillariophyta — /NIAEE Cyclotella sp. + +
¥ Cyanophyta € =12 Microcystis sp. o ——_ Ft o+
2 Oscillatoria sp. e o+ Gt o+
RS Merismopedia sp. + +
W e Spirulina sp.
Fh A% Species number 9 9 6 6

.+ x103cell/ml; ++: x10* cell/ml; +++: x10° cell/ml; ++++: x10° cell/ml; +++++: x107 cell/ml

R2 SEEBRRFOHTEHREXAMRMEREN

Tab.2 Temporal variation of phytoplankton in the presence of C. demersum during the experimental periods

ALY Phytoplankton 0d 7d 14 d 21d
ZgBE] Chlorophyta JTCREE A o5 S. javaensis ++ ++ ++ +
VY FE A S. quadricauda ++ ++ ++ T+
Ak A S. oblipuus ++
SR Pediastrum sp. +
=R Coelastrum sp. +
LR Actinastrum sp. +
WRIE A1 Y1 3 A. angustus
B 35 Oocystis sp. + + ++ ++
fiE#1] Bacillariophyta — /NIRGE Cyclotella sp. +
Wi#El] Cyanophyta €1 Microcystis sp. o+ -+ ot N
B Oscillatoria sp. b4 b . b+
T4 Merismopedia sp. +
B e Spirulina sp. +

Fh % Species number 9 8 5 7
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Tab.3 Temporal variation of phytoplankton in the presence of P. pectinatus during the experimental periods
I %Y) Phytoplankton 0d 7d 14 d 21d
ZkWE] Chlorophyta JTCHHE A S javaensis ++ ++ T+ +
DU FE S. quadricauda =+ ++ + +
A S. oblipuus ++
FHE B Pediastrum sp. =+ + +
=R Coelastrum sp.
LR Actinastrum sp. +
Wt £ 4 3 A. angustus
ik Oocystis sp. + +
fiE#E7] Bacillariophyta — /NIAEE Cyclotella sp. +
#i#E] Cyanophyta p€ 31 Microcystis sp. NE— N T F——
B Oscillatoria sp. o+ ot . -
-2 Merismopedia sp. +
YE e Spirulina sp.
e Species number 9 6 5 5
z ~ 401 mxtma co .
= “0 masmal cG E 3.5 04 %4 CD
L2 3.5 Ofm¥Ed CD 2 B 30| O BT PP a
X . a
WX KX 25 a
xa J? 2.5 a a m <
2 = 220 a
& 5 20 a =
ﬁ 815! s S 15 3 aa
e aaa a 5, 10 ab
2 1.0 b =2 L a
g0s5 b . § 0.5 a b
E 0 \ . . 0 . .
] 0 7 14 21 0 7 14 21
B iE] Time/d B 1] Time/d
Bl 5 AS[EES I3 A 1 0 W 3 1) P 28 78 B 1) 5% T 6 AN [E] 35 5 45 10 X P i e SIS 508 B 1Y) 5% T

Fig.5 Effects on dominant cyanobacteria density in the
absence or presence of submerged macrophytes

24 2 MARITUKENHER THZFERERER

F T 3 95 1 108 O Dl K AR B A A
WA, PRI, KA e A0 i A S e AR AR T A I
— 3, X HRZH AN S R G K, SCIR 2 P i
BRETE 14 021 d W RS, Y DR
Mg, ST R 21d, SXTIEAIARLL, 4
Wi SR B R 72.5%, R TF% 86.8%; EiA
IR TR SR M R % 93.6%, A4+ T % 98.9%
(L 6~8 7). A fhssE FVE 14 AR 133X 2 BTk s %t
BRARAAMBIEN, HESR TR ERERR
F Ml (P<0.05).
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HEAFEERZAET, 3% a

g e A

Fig.6 Effects on the total algal density in the absence or
presence of submerged macrophytes
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Fig.7 Effects on the algal biomass in the absence or
presence of submerged macrophytes

K8, S 14d, &M FRH SERR TSR
R a & i WE KT X IR (P<0.05), Sesiify
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Lo 2 WA CG G T WK 4 f6 6 VB 8L TS5 6 F 0K Py
MERE, L Ol b WL e R K A A 1 2 A TR SL (e
S 07t gt 2 a  OHRT4 PP o HATHER & Bt
= 06 . 2018), AT AHBISE R B, TOAH T K i 7
5 o0s| B, BRARKIRE KT, T34 UK 4 o 3 A0
5 041 0 IR TSRO LR LR X 52 45(2012)BF 9 &
pr 32 b i T a B, 4t dEnT 2B kRE 90.01%0 TN, 35.13%F9 TP
% o, T 72.67%00 COD, EHEAK F ph o i 5 7 B0 25y 2
¥ . . EFER 7E WA Q012) IR, B IR F S TN

° 7a¢,a Time/d14 2 (2B 5k 63.06%, Xt TP [ 5EBR%ik 96.63%, Xt
s RS AR ad B KRB A W REARVE T . Ao A8, 4 e

Fig.8 Effects on the Chl.a contents in the absence or
presence of submerged macrophytes

FFE 54.3%; BIHRTRBFAM SRR a T FF
60.5%.

2.6 AREBHEHTFHREREMSHEETHERL

TR IR A Y AR B (B 9), SLgid
W, G BRI B S AR ) R R R AR, SEIR A VR
AP B 2R T, SCRRiEAT 2 21 d, 5X)
ML L, 4 fa i i R AUV e s 2 e Y 2R T
98.4%; BIGIR T RIEFRATHE 50.3%, TEFEH IR E
BRI ZREME DT T, 4 R O R TSR AU TR
2 (P<0.05).

a
L I b
EH¥EH CD iRk-y3E PP
RN G B i G DURERi: SN y/E 253 e VR

Fig.9 Effects on the algal biodiversity in the absence or
presence of submerged macrophytes
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UELEAER, MR AE R MRS A KRG D T
Z R, BB IR TSR A | R IR
UK, FUHENTMHI KB AE R, UK
Pyx s 2 A AR A T, XoF IR 58 I K AR IR 136
A —E RIS X

ABESESL AL T 0 fife ek A ) RELAR (3t PR A A, AT

B IR T3 A RLEARK R TN, TDN FINHj -N 1)
i, [, NO3-N E RN, NO; 2%
fif BT, Bl KR A B A o AT, K
PRIZHE B AR, R, & s iR 78 i
AKX TP, TDP F1 COD i, KIARE FRKF Kl BE
REAS, AR TS K AR IH T

IKAEAEY) S8R Z M A E AR B, —F Z 0]
REA M B Se g SR E IR, Y W 09 B
BT B R, (R BRI 0 I 23 X A
Yy BUE I o ASSEE I, PR A
MR R a HFFEE R, WA T UKA Y AL T3 N
BB, 2 KR Iy Bk A 14 d FrlR, 52
B LV L AR O R R a i TR
(P<0.05), MERHMEEACRIAE., 21d, PROFBEISHE .
AW M EER a SRR E , W R i
PEY) TP AE S 43 W6 2R 26T o A i DR (BRI M 4, 2004
B SF, 2008), ESLIGE AT, 4 IR 5%
XoF FEGE M I K ALK A PR i 2 I A A E ], B
Wi BT3RO T 35 (P<0.05) . FINEU 25 (2012)BIF 5T
R, HAEFMT, &0 WA MR s . KER
243 (Aphanizomenon flos-aquae) . X (Chamydomonas
sp.) . SLEK P (Pandorina morum) Fl£F 4k i (Anki strodesmus
sp.)5 FKAEMBEE AR . RIEFQ010)F5E R, £
£ 35 TN 2 35 BB AR 47 Ml 40 i ) 2 T B PR i AR K
Z/NEFQOI)MIFT AL, 4 B RE 1 35 3 H 2 1k
PEPEAIAE , TSEREZE Q016 L, Stals—
E 5 A S i e v R i B A R I AR . B
WRAFQOIDAFFEH, A IR (Potamogeton lucens) X}
] 2 R i A R T Ll 4 R T A G SR SRS
R -3,

HUAWFHRE AL, DUKED RS B A Y
Pk PEdE . MRS (2008)RF 5T K B, 1 5 3 AN 7 AR
TR A A A AR B AN, AR
ILAE R A IR S, HUE VT RS0 A s i 41 il
RORBPIR AT KOS (2007)WF9T R BT , 4
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TR 7K XoF 4 2 28 35 R 21 200 % 88 (Phor midium  tenue)
AU IEIER, 4 s Xt /Nek i (Chlorella sp.) A B
SADHIVER, X R TG A IR, R —
SERIRHEEH] o PR SE (2004) & B, B4 IR -3
7K T HiEE (Scenedesmus sp. ) TEHEVE I, X s
BEATRIVEA . ABFF, FRAH IR K AR 2 AR
PR TR R R, HAR AL TR
£, fEFLEEFRIR A, R FEWIR T4
SR, B A R D b 7 T R R (P<0.05), 4%
BT IR TG 22, WA IR 2 — o AR AE R
A AR AT 45 S — . 4 3 AV A IR 1 3 ) i e
BT R ol 20 AT — AR, X e I e —
TE ISR

A S 56 7 i i S A 2 4l R I AR Ak (R 1~ 3)ok
B, SCHAH rPoK AR (RO | BT T 450 1 b
FE BB RS T e, SR BRI DTOE MRS . DU | 4
P S RS A A B R T, R
A /K A 0 04 7 AE 1T A3 3500820 SR B K A rp o 3 e 2
B =, fEEAE 2R s A K . 454 Shannon-Wiener
ZREMESR BRI, SCI 4L I I IS AR W) 2R B
T, LA AR i TR R A W 2R M RE
BIGIRT3R0 1.96 %, ULBHA M fE i IR 758 ]
DLBH S 0 B b i 2 B, TRIERE R B s K AR ) 7 T
BEGEAK, 2012), #EHEHZF QOIS MR, 3
H1 4 082 A BB S5 K (AT B B2, 384 in 77 Uife
RKLketE, BHlEYR., RFREW, EFREAKE
O A A 0 L B IR TS S T K R W R
IKRAEE R . K BT T B RIE SR A AR W B % ek B
LR X .

2 £ X #
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Responses of Eutrophic Ponds to Ceratophyllum demersum
and Potamogeton pectinatus

LI Chenlu, CHANG Mengyang, DONG J ing®, DAI Dujuan, WANG lJiahui,

SHANG Xiangyang, FAN Congli
(College of Fisheries, Henan Normal University, Xinxiang 453007)

Abstract Cyanobacterial blooms occur frequently in aquaculture ponds during summer, which has
brought great losses to the aquaculture industry. Physical salvage and chemical reagents were previously
used to kill the harmful algae and improve the water quality. However, physical salvage is
time-consuming, and chemical reagents easily cause more pollution. Thus, there is currently greater
consideration to regulate the water quality by using ecological strategies, such as the inhibition of
cyanobacteria by submerged macrophytes. Because of its ecological safety, this method is being
increasingly applied in eutrophic water bodies. In the present study, coculture simulation experiments
were used to observe the effects of submerged plants (Ceratophyllum demersum and Potamogeton
pectinatus) on the phytoplankton composition and water quality of ponds (i.e., the concentrations of total
nitrogen, total phosphorus, soluble nitrogen, soluble phosphorus, nitrate, and ammonia, and chemical
oxygen demand) during cyanobacterial blooms. The results showed that when compared with the control,
C. demersum and P. pectinatus could significantly reduce the concentrations of nitrogen and phosphorus
in the water column, with significant differences detected between the control and P. pectinatus treatment;
inhibit the growth of cyanobacteria, especially of Oscillatoria sp. and Microcystis sp., with the effects of
P. pectinatus being greater than those of C. demersum (compared with the values in the control pond, the
algal density, biomass, and Chl.a content decreased by 93.6%, 98.9%, and 60.5%, respectively, in the
P. pectinatus-treated pond and by 72.5%, 86.8%, and 54.3%, respectively, in the C. demersum-treated
pond); and promote the phytoplankton biodiversity of the ponds. At the end of the experimentation, the
biodiversity in the ponds treated with C. demersum and P. pectinatus increased by 98.4% and 50.3%,
respectively, relative to that in the control pond. The results of this study provide a theoretical basis for the
future restoration and remediation of eutrophic waters.
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