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wEM, F

(PR JFSE k% K™%k, 8 %

HI T 750 R SR B 32

#.FRE, BFE, Fak, T4E, FHH

453007)

WE RSB E S B R UK X SR, oK ARS8 2 SR SRR . 2% R WL DTK A 9 1 5 (Pota-
mogeton crispus) WS A B IR, X H UL 2k i35 38 /NER 8 (Chlorella vulgaris) F1UP 2 3 (Oocystis sp) TR EN
AP B0 5 A, T8 A A R R A R AE (9 78 b, I iR B i L 2 0 L /N TR R O 5% AR AE — o Y Ak K
N, B FE 4 3R B, PR B kT K 3 /N R R B A SR A R R A I I R 00 5 5 D R T T B LA TR A
IO — P S I %) L B AT R 7 X ) ) A R 3 N 3R SR A X0 T L T T 1 A R B A ) 3R B
W LT A A Ry /N AR B R A 5 U 2 R R R ] P R X P RO S T W W,

KRR VL /NER G O R B 5 AL AL 5 JE A RRAE
FEZES:QL45 X FRERG A

TEAK AR R G V2 0 i i S A A R AL ]
¥ P (Phenotypic plasticity) , Rl — Ff 5 K 7 78 A [v]
AR T R RA A BIG . TFilEBEE T AE
77 HE A R] 18 2 B R 7 Xof A B 85 2% 1 1 AR A L R
F 5P 2508 B RE 1R 504 3R 2 W WA — FP OB 5K
(Setlikl et al,1972; Trainor et al,1998; Cao et al,
20105 Rios et al,2016). HAET, P S IFHFHEEIES
AR R FEAIEAEY R R GREE DG EFR R
JE DGR CE SR BRAR R HGID A R R (R
TEShY AT 25 (Aaronson et al,1973; Donk et
al,2011; Li et al,2013; Bi et al,2013; Zuo et al,
2014), 2005 4F Mulderij % (2005) #f3# H LK #E4)
K &1 M ( Stratiotes aloides ) 5 5 #F 4 M %
(Scenedesmus obliquus) BRIBERIE B, 18 B &4
TU/K A W)t BB 5 17 i iR B B el 28

A TCK AP 047 RSB 52 B T30 e 2
— B B F A UK AE W) 17 A S AE I F XS
PRI R AR KR CEW R OLE ) B2, B 4n ik
YR T 3 Bl (Potamogetonaceae) 1 & 3 R T 3
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(Potamogeton malaianu) JE IR T 3€ (Potamoge-
ton pectinatus) A R T3 (Potamogeton maacki-
anus) \ W 5 (Potamogeton crispus) (M 158 W 46,
20045 ¥ Fh B4, 2007; Wu et al, 2007; # R %,
2014) , /K ¥ B} (Hydrocharitaceae) i 1 % (Vallas-
neria asiatica ) ([F TR %, 2009), /N — Al ¥ B}
(Haloragidaceae) 1) 1 f£ JK & # (Myriophyllum
spicatum) . ¥y & IN & 3 (Myriophyllum aquatic-
um) (Nakai et al ,2000; #4755, 2005) , 4 i
Bl (Ceratophyliaceae) ¥ 4 ¥ (Ceratophyllum
demerum) (B 5%, 2008) XF 43 2 M %% (Scenedes-
mus obliquus) JH/NAEREE (Chroococcus minutus) |
VU B Ml 3% ( Scenedesmus quaclricauda ) . — & i} 3
(Scenedesmus dimorphus ). A< ¥ (Chlamy do-
monas sajao) & A% /NER#E (Chlorella pyrenoid-
osa) W L7 4E 3 (Dactylococcopsis spp.) 55 4 K B
A R AR CBE RIS 55, 2005 5 A SCH 45, 20115
LI AE L 2015) T 5 T UK AR ) %0 P i e 2R E 28
5 TH 52 W R 1B R AL . H ETRE 1940 Mulderdj
A5 (2005) 38 1 = AT 52 K& LK A= AL K 8 (Stra-
tiotes aloides) Y& W HE 5 T & A= M ¥ (Scenedesmus
obliquus) LA EAE . i B 41 A 1) 22 40 g B A e A
XA M B A K AR T W . Dong %
(2013) 3 32 % N WF 50 & IR 4 0035 BE 5 3 A A o8
INEREEREARIE 1

ik — PR GE FLE DUK A P %o i i 2R A e
R AT 1k B — T w DL T K A ) T R (P
crispus) T A IR LE , 2% 3318 /N ER 3 (Chlorella
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vulgaris) F Y0 5 3 (Oocystis sp) VENBF IR X 4,
DA JE R IS T A 55 % RO 3853 /) 35K e A O 40 ol kA 7
Br AR LS K5 3% 300 ) 357 50 /) 35K 986 R O 8 38 14 8 28 2
UL ARG, WS DK T KA BB R
I R rf g g An fay e ;L A K AR A B R R B Ik —
LRI IKGE S

1 #MHERFE

1.1 RIe R
VLKA ¥ T % (Potamogeton crispus) : 5% H ]
1 T K 2 K ™ 55 B ik b A b (35°19738.363"N,
113°5409.482"E) . R AR — & 1 (1 H A8 bk L F 3 K
FFH0 % VT, L BRAE bR L 0B &, 9 andie v LK
a5 RO AE e B R R 25 45 . 1995) . RS TRl % N
HEAT UG IE 55, 40 2 AE AN 35 5240 , 55 3% 1o 2 v 43 53
FINA — 7 2t 1 /)N 35K 358 35 VR DI 30 S5 56 0, S B
A B AR PR AT IR (/N BR AR, 2008)
x1
Tab.1

- iH /NER B (Chlorella vulgaris) 5P %E % (Oo-
cystis sp.) : W A HPRHSE K Az Az W) IF 58 i R 2K 5 A
GRVC, D o TE 2GRS0 T o 5 38 /)N BR 3 O 28 33
BEFPE T BGLL 338 S rp b AT 97 R By 37, B R il
9 25°C, 6 BRER E 25 pmol/(m?s), e 12 h ¢
12 b 17 8 38 /) 1R 3 0 O 908 8 0 % 2 8 08 I 20
HEAT IS . U 7Rl /R | DR b g A
it B R 15 F 00 B 5 2~ 3 U, LAB 1R
JINEREE | D 5 A L TR G BE D
1.2 Wigit

B P A 5% 5 1Y) TR R T TG T K R S T
T IR 4R T AR AR K gy, HTHL 43 B R
SRR AR BR 1.5 . KPR Y T RN TE B Ak R
BB, im A JC T 7K .8 000 r/m B0 10 min, B [ i
W, TN TC R AR B Ly SO HRAE 4 W I ACK B 4 1Y)
B W WO S K ER 2 3 g/,

BRIt

Experiment design

xR 4L

AbFEH

F0.22 pm JERELIE 500 mL JETE K

B INE IR S BGLL By Rk — 5

3 g JH R TG B K BT
JH0.22pm Y B 38 IS JE B K GE 4 2 500 mL

BRI S BGLT B3R 2 — 5

12,1 #M %X B ERLr 0 X B8 20 Fn Ak 3 20 B
FRWL 53 N FE A /N R 5 B9 4 B 2O % B OD(Opti-
cal density) b 0.05, 7/ IR & ¥ 21, 43 Wl 4 4
250 mL= MM (A = AHEE A 150 mL 241
B . M IRA MW E 3AEE T AR
TELHE TAEA M.

IO b AR 2 o e g X R A R Ak R B o R R O

THEIR 5 A b B SR, B3R A 25°C Ot R aR i
25 pmol e m™ « s, EHEEL 12 h: 12 h, #ELEH; FF
10 d, 7ERG SRR B KA B IEAT 3 W (i
B M.
1.2.2 Feir el A O HURE I 3 58 /)N BR 3 0 BT
FEMARNG N R AERK SRS EE, )
3 mLAE i HEAT X R 2 AL BEEH OD B9 I 52 o 35 38 /N
BRI W6 B BRI OD {8 R JH 40 66 B i 1 4
W5 1 CBERT AL 2006) & I 28 J2: 78 43 6 6 BE 11 K
29 680 nm T AT (B HSC.2002)

B2 m AR & R AT A0 T 2. 53 /) 2K g AR
% P A0 MBI FH B BOHE T (B & . CC-F,
FUAK 0.1 mL THEHE) (B W%, 2006) . HLAR#RAE
A2 mL R E T EOE D IMADES

B IR 7 , R R A 5 8 T R DR A7 FR T4
BEWRRE S T BT EAT 820 L 0.1 mL B al i
THETHROHE , U ST A i A R A 3
U BRI 50 AN WEF, 1154 AT A& N 58 /b Bk
BECR A ML K, b >3 dH ML T A B IRTE S, A
KTy, LA [R] S 186 A A, I B8 WL 28 2% T2
(9 9 SR () S AR A, 2 i 1T A il 2, 75 i A K
1.3 HE\EIHSHF

B # T VR B ZE Excel 2010(Microsoft) 244
HEAT IE SR ] SPSS18.0 B4 ik A7 X BEZH A B 2H
A R BRI R 7 22 0 i, Horh p<<0.05 Eon B3
5. p<0.01 LR ELFESR.

2 HEREHW

2.1 SHEMERIT /NGRS

2.1.1 XANRELAN T E  FE N 5
T3 /NEREERY 10 d P, B 1 d IR BEOR A
ANER BT G LB WG, NS 4 d TR IR IROE S
JIE o Ll A9 % 347 W ARG (TR 2) 3 o 3 42 T et 4 A o
il 7 B () ) 4 B B AR 25 BT o L ) O b 3 AR A T
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FREFPEARIERTE N (£ 2.8 1), Tab.3 Repeated ANOVA examination of average cell
number per colony of C. vulgaris

A » B

1 XEREA)FHEERERS (B)TBENKERS
Fig.1 Morphology of C. vulgaris in control group (A)
and P. crispus extract treatment group (B)
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Fig.2 Colony proportion of C. vulgaris in the control group

and P. crispus extract treatment group
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Tab.2 Repeated ANOVA examination of C. vulgaris

colony proportion

bzt df F sig

Fisf i) 285 7 1.865 2.575 0.143
i) < 2 5% 7 1.865 2.540 0.145
2H ] 55007 1.000 34.128 0.004
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Fig.3 Average cell number per colony of C. vulgaris in
control group and P. crispus extract treatment group

BRI 20 B BN SR 1 d FFAR AN L 55 3 d
35 B Ry U it % S IR ] B9 B K, 253 /) K R R AR R
ANE IR/ SRR ST 24 40 BOZ R R 3D . R
RIS & SN R Sl NN TR VAR X5 A s 1) 1)
SRR E AR S X IR A IR B T 2 e R
3,

bt df F sig
s 1) 90 17 1.030 8.778 0.040

A ) < 4 %% 7 1.030 8.103 0.045
2H ] 4 1.000 114.693 0.000

2.1.2 XANIEEEKE PE TR T R R
T im /N EREE R 10 d Hr BEE B IR KB, 5 A8
A HRAL A LG, Ak B2 00 325 38 /N BR g A2 KR T 35
S0 (& 4, P>0.05)

0.34r1

K E/%
Growth rate
f=
(93]

)

%t B8 48 A
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B4 BAFMERLABAPPKEERE
Fig.4 Growth rate of C. vulgaris in control group and
P. crispus extract treatment group
2.2 HEHERXNEZENZIE
2.2.1 XU EEHASW YR AL A OB IR
GIREBERY 10 d Hh, Bl A B 9% K BOR B, o B4
Ak SE2H B AT o L 49 I 3 25 S (T 6, P =>0.05),
250 5 S BT R4S Ak R ZH 5 R TRl 3R B T
FX S Ab A S5 X IR TE R R R (R 4R 5.
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Fig.5 Morphology of Oocystis sp. in control group (A)
and P. crispus extract treatment group (B)

U EBAE 10 d iR R b, Kb FAL 5 2% 1 Xt
20 rPORE VRSP 2 40 M0 Tt 3 28 SR (I 7. P =>0.05)
I RS AT E N S PO e R B AN T AN e
By 40 i g i 1 n (3R 5) .
2.2.2 TSR EKM PR 1RO B SR
DRAEHERY 10 d Bl B SR KRB I 0, 5 25 1
HECZE A B o 98 O A P T 9 4 i R KR T B
(& 8,P>>0.05),



94 BAEE 2N KEXFE RIS 2020 % 3 A
1001
—&— 5 H 4 1=t 3
R 3 itig

ek

EL41/%
Proportion
el
f=1

(=N
f=1

10

0 2 4 6
B (H)/d

Time

6 X B 4H 70 7E B A R ik R O R BR AR T AS BT o b
Fig.6 Colony proportion of Oocystis sp. in control group
and P. crispus extract treatment group
x4 BERSLLGHIESNENH
Tab.4 Repeated ANOVA examination of colony

proportion in Qocystis sp.

b df F sig
Fisf 1) 85 7 2.968 303.138 0.000

i [ < 41 %500 2.968 0.220 0.879
2 (8] 3 1.000 0.106 0.762

ol -
E 4.6 —h— i B 2
&8 —e— g4
=5
e
FE 38
w32
=
#3341
o 3.
2 3.0 . . . L )
<« 0 2 4 6 10
Bt (E)/d
Time

B7 MRAMHEHERDINEEFETHEEE
Fig.7 Average cell number per colony of Oocystis sp. in
control group and P. crispus extract treatment group
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Tab.5 Repeated ANOVA examination of average cell

number per colony of Qocystis sp.

3 df F

sig

Fisf 1) 285 7 2.299 12.719 0.002

Bt 8] X 4 %% i 2.299 5.702 0.022

BN YA 1.000 0.427 0.549
0.44

=
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Fig.8 Growth rate of Qocystis sp. in control group and

P. crispus extract treatment group

ARWFFEIRDS T VOKAE I EE (P crispus) X ¢
@ /N ER 3 (Chlorella vulgaris) A1 50 3% % (Oo-
cystis spO B M HARKKFER Em . E s F
W58 IR S FOL IR 52 i HEBR e Sh 785 37 8 R 1Y 4%
PETR AT 35 HEBR 18 3% KR X 3 28 A K Y 52 il
(Mulderij et al,2005),

0 o 0 3 N R AR R R R 4 R S R AR
S3HT AT S N SRR AR S B RS LT 2 LU
BT AFAE S ME LLTE BUREAA 5 1117 385 38 /) Bk 38 7 T
BT WG IR T B A 3% 5% R AR 1S, 5 3 /) ok i
B R T2 RSP R A REAAR L 55 3 d ik F
e, 200 AR A BT 7 LU A1) 35 36..66 26 o AR 4K SF- 2 400 i KL
IRENT 10 AL R 1 R, R IR R o] DU
WLZE 2 55 060 B CAD AR LG L A BRZE (B) v 3 36 /) Bk
WEMREAIE . HERNEE 4 d 8 /N ER R A2 18
AR D RER S Y B s b L 5 8 d RER AN I P 25 L
UEIH A . T T B T RE AF TR RE A8 R R
A7 A AR 5, A7 SCHR 4 38 T 25 52 il 11 78 2%
PR T Ry A7 LB T 5 e 5 L R 3 200 i 17 o 7
TE—EAEH A E] ¢ Leflaive et al,2008), H 1Y
AT DL AR 8 B2 T LA O BK BLY , A S
8 3 HE BRI IR FE SR W S A fdE K 81 (Stra-
tiotes aloides) Y& W ¥ B A M 3 ( Scenedesmus
obliquus) HEAT 1 37 K LK G - I8 W RE 175 5 A% A Al e
HEAATE B 45 18 M1 (Mulderij et al,2005), 4%
ok A v e IAH A T X B2, T R R R N SR A K
RIC R E I, Mello 55 (2012) Fl I 27l 14 HE 11 3
(Cylindrospermopsis raciborskii) J& WK LA K A # i
M B B (Microcystis aeruginosa ) 1R JE R ¥ ik 3&
BEEAT B IR BEIE WIE RAE 2506 CYRF ~75%
MIRF i & £ 75 ik 952, BE B9 K/ANIA 8] T
24 AR L R i R A T AR A B X A K
kil i F 1 75% CYRF~25% MIRF, B4 1 A
AR EEN. SIS ERSHESIEELEhD
eGPy Al BE e AN A 1Y

RS 5 30 /N R R BT o5 LU ) LA SR AR 4 i~
47 250 o A 3 A TR S A 9 X 3 /) 3K
FAAE—JE IR 25 52 W) 5 BB I 8] A HE RS | T F S WA
X 33 /)N 35K O 0 R - X A B BSOS Gk B T I R
S A FRA S X AW A R TR 2R, Rios
S5 (2016) 1 P Bk A A B B2 8 (Microcystis
aeruginosa) (CCIBt3194 fl CCIBt3454) i 41 fifd $2 Bt
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Allelopathic Effect of the Macrophyte Potamogeton Crispus on Colony Formation
of Chlorella Vulgaris and QOocystis sp.

CHANG Meng-yang, DONG Jing, LI Chen-lu, GAO Yun-ni,
LI Jin-can, WANG Jia-hui, NIU Meng-meng

(College of Fisheries, Henan Normal University, Xinxiang 453007,P.R.China)

Abstract: In aquatic ecosystems, many planktonic algae exhibit phenotypic plasticity in response to changes
in the external environment, and morphological change during colony formation is an expression of pheno-
typic plasticity. Previous research has shown that submerged aquatic plants can induce morphological
change in planktonic algae. This study explored the effect of submerged aquatic plants on algal morpholo-
gy, and the response of green algae to submerged macrophytes. Two species of green algae, Chlorella vul-
garis and Qocystis sp., were cultured in solutions containing an extract obtained from grinding the macro-
phyte Potamogeton crispus. A 10 day experiment was set with a control group and a group treated with P.
crispus extract, and each trial was run in triplicate. During the test, the growth and changes in morpholo-
gy of the two algae were measured each day. The P. crispus extract did not significantly inhibit the growth
of C. vulgaris and Qocystis sp., but did induce colony formation of C. vulgaris during early stages of the
experiment. Colony formation and average cell number per colony differed significantly from the control
group. The number and scale of C. vulgaris colonies peaked on day 3, after which the colony gradually
fragmented into smaller groups and single cells. However, P. crispus extract did not induce morphological
changes in Qocystis sp.. These results contribute to the theoretical base for using submerged macrophytes
in the restoration of aquatic ecosystems.
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