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Allelopathic inhibitory effect of Myriophyllum aquaticum (Vell. ) Verdc. on

Microcystis aeruginosa and its physiological mechanism
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Abstract; Eutrophication and algal blooms have been the most serious environmental problems in the world, and biological
tools — especially the allelopathic inhibition effects of aquatic macrophytes on phytoplankion growth have been receiving
world-wide concern. In our experiments, allelopathic inhibitory effect of Myriophyllum aquaticum culture water on
Microcystis aeruginosa and its eco-physiological mechanism were investigated by initial addition assays and continuous
addition assays. The results showed that the growth of M. aeruginosa was markedly inhibited by the M. aquaticum culture
water; compared to initial addition assays, M. aquaticum exhibited stronger inhibitory potential on M. aeruginosa by
continuous addition assays, indicating that allelopathic compounds might be excreted continuously by M. aquaticum, and

the inhibition effects wound have the cumulation trait. We also found that the relative content of Chl a, PC and APC of M.
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aeruginosa decreased to 52.7% , 15.3% and 7.6% respectively after being treated by M. aquaticum culture water for 5
days, and phycobiliprotein ( especially APC) decreased more than Chl a. These results suggested that the phycobiliprotein
wound be the target of allelopathic inhibition of M. aquaticum on M. aeruginosa, and a new macrophyte to control

cyanobactrial blooms wound be found.

Key Words: Myriophyllum aquaticum ( Vell. ) Verdc.; Microcystis aeruginosa; allelopathic inhibitory effects;

photosynthetic system
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IEFNE BEREY), R B EA KB REAE R EERRT IR P ARRERY . BA RFHR I
BB &R EFERB ERATHRARMAESEE ™ BRETHEIE B EEF Kb 3%
ZRA PR RO B FE A B SR A R LRI 52 R ILARE

RIS R S /K A AL B A B E R BT R £ B 2 A5 8ET , — BB T I A LB B n e Y R
SIESFISEE , R UV BARK Z AR YA A ST BRI . NEHERPIREREN, KE-Y
PRI IR RE RN R RS ™ RIS E A 1A BRI a R AR R KA
WA RG ) AR AR > B SE AN P R TR R A A LS A T 4207 DT S5 B 2k
A RIIREZEIT, RN, ERRA BRI A ) FEARFHAREARE™ ™ [BREM YL
BRYI AR ER LS RERA T RE.

ARSCR ISR BN FRAEK A S A IR B 77 35, B9 T M SR i K AR L S B A —— R it
FE IR (Microcystis aeruginosa) LRI HIRBDL KX SR IH BB 5 REM BN, SRR, Bt 248t
GRS AT A (1) A 4R R SR G 4 Sl B B R 75 AL A /P B A B ARt A 2 (2) 57 e
RF, Ay e L B B B R R Bt B R _EROE RSN U7 UK A AR YL BRI BB AR R A R
RAFTHIAORE, H DR B RK R A= 35 R R AL 2 A2 AR A R R BEE HE R BOR
1 ZWHES5HEE
1.1 SZRAPk

MEIEE(M. aquaticum ) BUE MBI AN TR RE L8 EGHERKEER TS, FTEREBESK
BRKETHETR . LRBHRRIUBE(M. ceruginosa) I FACHB 905 #k & 3557 5 HGZ-145 BLJ5 3+
EREBE R A YT ATHRAL . SEIHT, fr BERN 3 E LB TR HGZ-145 SR IILIF —H (RE 25T +
1C)J5 , AR R E2RE0EKN, &/ I RIENERE KM T,

1.2 SRR ETECH

AP ITR A3 IR 5, AR EL k1o
1.3 sl RBEsE R KK Bl &

FEZA 7000ml ZZ1E/K B9 EL (34em x 15em x 24em) SME— R A B H QR LIES, DL Y R
TEEIE T B s TR 110g BRI SIURIE (FRE SN 16 ¢/ L) ,FEESM LR R+ T AR
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e SRR BE A5 T (IRBR A 1H] 0 2006 4F 8 H 2 07 422 7)) %57 10 d J& , B 1L FE/K A 0. 45 wm B9 FLURE
Uk CHEABRT) , 7 FIZIR U 2K BLR 283089 HGZ-145 355R%, (N B AKX AR . LUEM&R
FREL 100ml KRG A LIRSEIRZE R MRy AL B BTSN, Xob FE DA SR R B S BRI

®1 ZEKH HGZ-145 ExER A
Table1 The components of the updated HGZ-145 culture medium

¥ B JLE Major nutrients %8 (g/L) Content (g/L) I BICR Trace elements 48 (g/L) Content( g/L)

NaNO, 0.2 HBO, 0. 00286

KNO, 0.051

K,HPO, 0.049 MnCl, - 4H,0 0.00181

MgSO, - 7H,0 0.075 ZnS0, - 7H,0 0. 000222

Na, CO; 0.02 Na, Mo, - 2H,0 0. 000391

Ca(NO, ), - 4H,0 0.059 CuSO, - 5H,0 0. 000079

NH, CI(NH,Cl- EDTA) 0.0391 Fe-EDTA 0. 000932

¥ :NH, CI(NH,Cl- EDTA) 5 Fe-EDTA BL B H 53 I CHk[24] NH,Cl (NH,Cl- EDTA) and Fe-EDTA were made out following Reference
[24]

1.4 HSMBEREERSRERNE
1.4.1 FEEEINEE (initial addition ) 3%5% -5 WM

7 500ml [ = AT A 150ml RI% , B A 10ml B3R, B T A TS5 (F R KA I
#8) 4=, El5 SHH-500GS) FHE{R LS, IBE 25C £1°C , 12h IR (OB5RE 4 2500lux) , BRESNHEIEM 4
W,HEHEBRENHALE . NSRS RRBCER I HAE 663nm ALK EEE (OD) (H, W% Xt
FRLA AL B IS 3 ANFAT, IR FT A BRAE (ThuR Fe B8 B SF ) e TR &4 T 17,
1.4.2 #HS:E5EE (continuous addition ) 3%35 -5 WM

7 250ml 1 = AT A 100 ml IR, BHIA 10ml e, I LR KR, NEMY R
T R BRI E AL B AR (I 1. 4.3) JE#bFEAH DL BN 1ol o B X R FAL B 38 3 A
17, BB A B e (TR 68 BGERE S ) e R R T 1T
1.4.3 NERR TERTE

BN BOMFERE A 7558 214306008 THE 663nm Tl E B KL R (OD ) 1B, £ il
K,

A% IR(Inhibition Ratio) 1188 7EE A BT ik LR, HAFE AR N IR(100%) = (1 -N/
M,) x100, A IR REMHIER N AR FH S « RBEAHE OD B ; M /A FEXTIRASE « KBELHMT OD fH,

HAMM S E a(Chl ) HFRIONE  SHSCRIRERTE™ . H4H Chl a &8 9 HHHEAR N
n(100% ) =i,/ @, x 100, HALFRL S ¢ RBEAMM K o TE 0, AXRASE ¢ REAMRM SRR a 58,

B OGS RAME R ENE AR SRR A RFE AR R &R UV win5 (TU-1901 SUERE
Ab-TT AT EIEEETT) ZE B 350 ~ 800nm T I 2 T 440 J P W% A Y6 i R AGRAE DA

WIEEARBOEENE 2 BICIRIER 7 E ™ H& SRR E , A B3R UV winS ZE 3K 500 ~ 700nm
T KO

EEEAMMSENTE SBEXR™ MEN TR SEEEA, REEEE A (PC) MAIEEE A
( APC) #5481 Y _E5R UV winS ZEJE K 438.620.,653nm Tl E BEAHTE AR 6E, FIFHAR (1) .(2) .
(3) (HHBEEEEAHENEE,
_Ago —0.195 X Ay35 —0. 587 x (Agss —0. 157 xApg)

Cpe = 1
ke 4,741 x EXS, (1)
Agss =0. 157 X Aypg —0. 188 x (Agyy —0. 195 X A,55)
CAPC = (2)

4,741 x Egy
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PC XS & = 0HMEw Coc / XHRFER Cpc (3);
APC F8XT & 8 = BFEG Cope / MRFEER Cipc (4);
KA, Coc Ml Cope HIZRAS PC T APC HIRBIRE o Ag Auss T Agsy 7RI L IRBEIHIR F 1R BURTE 438,
620 1 653nm MIEIEH . EessFm PC £ 653nm 4B R EX, Eqyy F78 APC 7E 620nm AAHIE I REL, Een
Egy W SRAR SR
1.5 BB E LD
RSP FNEAE 2 A EME , 38 A excel2003 F; SPSS( Statistical Package for the Social Science) 11.5 48if3k
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Fig.2 Allelopathic inhibition of M. aquaticum on M. aeruginosa with

continuous addition
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GO (LM B TSV B, 1, IR (A0 9 RINE fik 89.61% . £ Ty, A3 A IR 413
R RN FBE(P=0.017 <0.05) , A5 | KIFHE, 4IRS R0 A K W BU RN B0 B B 1 32 4
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SME T

HY T SRR M S R SRR K T BRS84Sk RS T A AT 3 — S 5T o
2.3 IR FE SRR K Foh G 4%l T R MO T AL R 0 S

R S O R 5 A R MRS A R B Y — . SER R R (4 FIE 6)
i R SRR MO RS B 2% 1 1 3 MISE R Wi 53 B3 T 440nm 626 nm % 681 nm 4b,440 nm 4hY Chl a 72153
X iR it ,626 nm 4b24 PC 7RG X B 14,681 nm b4 APC i Chl a ZELT )6 X A R I I

S 2 OO 52 4 SRR - X R A R T 0o
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(RN S (I 4) 5 AL B A TR 45 3 K, 3 07 N
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BEFERERP G SR 3 K, B IE R SO IE (B FF 46 T B, H. 3 R B4 xR AR Ok L R

i =P A [E AL R B, 626 nm AbFYWRIKIE 7 3 Fie.4  The absorption spectrum of M. aeruginosa of control in different
BOTHUR AR 5 RBRRE IR (6 7) ;440nm jtmes b d FHRFFESUBEERHLRFBIRFES RSB
AL 2 ST RS 3, ST AR5 7 R WWMWQ%M;ES N
2%, i 681 nm 4k ¥ P20 56 9 KA1 MR ] (RO respectively the absorption spectrum curve of M. aeruginosa inoculated
{EONHIIRIE R 47.2% ) o BOIERIEMIRILEMRBR T culture water from M. aguaticum at the day of 1st, 3rd, Sth and 7th
B IR BB A L B i %t 626nm &b PC TR URIEE)  day; The note of Fig. 5 is the same of Fig. 4
FAERRE H. 440 4k Chl a R IKIE K, W%t 681 nm 4k APC
5 Chl a fyE [F RS 33 8/ o

LR, IR R AL R TR AR I T 4 R o FIBEAHER 1 (248 PC M1 APC) ZHFE,
HETA R AR AR B R . HAERAL A TR RA TR &M , B KA DI e E A R ATE R, #
AEY, WHELZ Chl a . PC APC =ANERAL RS X K B BB i AL B B A BURR, B 5% T 323, I i
2 EE,
2.4 BEIlRBEMRK X SRR EEE QAR ER a W
2.4.1 HEl BRI K T BERE B RISOE IS

BEHER FRSOEHE B E 45 R 7N « 3 BR A B A B R 2R RO i 2R A AT R 38 I A T A%, B
| EHBSER B (& 8) ; TiAL B H BErF R BRAH SR RO 1% il 28 2 P a3, BT [ i B E A TE) 34
MR, 2% 5 RNEHEHCJLPFRAERICEEE (B 9) » X— RIS BB K X R i
BEHEOAWNBKRMEER, UETES REHEOEATL2WH . X 58AMBBCEE P4 RHE
—3,
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different times
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Fig. 5 Effects of M. aquaticum on the absorption spectrum of M. AR /8 7 YERIE 6 A, B, C denote respectively the peaks of

. — i the absorption spectrum of M. aeruginosa at 681nm, 626nm and
aeruginosa in different times
440nm wavelength; The note of Fig. 7 is the same as Fig. 6

2.4.2 MEMEREMAAANEEER JIREEARK or o

MR o N AR T
SWLE R, RS ERFAKAEF T, F Oc

0.6 —

PR APC.PC & Chl a =H MMM TEHABT g
W& , 22 18 H 047 R 3R : APC \PC & Chl a B T FE#EH
& ( RP R BH BRI R X408 ) 43704 11. 98, 02
11.70,10.96 (& 10) , ULEIn SR Y0 B 73 WA i AL B 0
Jaxt APC.PC J Chl a {5 ERE RSB, %S5 Fit i Time (d)
Kb, APC.PC WM XS EBE A HIEZET. 6% M ‘
15.3% APC.PC BEERBLH T Chl a GUFRE 52,79 ot S e et
(E10) UEFHS R(EREZRET X)W, BIMAE 3 1ouginosa in differont times
681 nm ALRYAFAE R I BAA —E IR BUE (B 6) .
XULHAFEXT Chl a 5 , BEAREE FAT Y SRR B 43 W ) AL B W JR BB A U &2 F 3% . AT A EIRS 20 (P38
3579 R)K) F IR, BB MR R APC.PC J Chl a M FEFRABEZRE(P <
0.05) ,%} APC IR ERE B, PCKZ,Chl a /),

AR T SR, B4 APC 5 Chl a JL[F % (681 nm 4b) B ZHAARETE 3 MEEHHR, X #—
B RBET Chl a 3FMERIK B 2 WARY Ak B IR P SR Itk L SR IR AR 1 /0N, LASKPE APC 3 $15 , Chl a ZEZL G X AR
B —RE W RS IAe{E o
3 g 54it
3.1 SRR B S S AL B TR SO I AR R B IE B AR, B R b R Rl

ERTRR SRR RK A X R SR B IE F A K =AW, R S S0 EY, R R
ERAE ., XEAGSIEERE M RYIRA IR AR MBRNEFERKBEZFEHIET, —BIA
N, KA WAL A F R 2 AL YRR ARG RS E e B B R K s R S0 R 3
i KA S BB SR BR — R B I P B T o

MEINBE R B L KB TUKEARBY, BRI, BN A 5568 158, BBEEZ M A FEM IR T 4
KO BRI B (S ) MR, KA R R EIET ERLME LY (0, B =P
%% BLBEREYY %) BWEBRET, BKAEEREYEE SOk 4 Yt TRYNERH, B

0.4
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BT BRI R . MR SRR, 2 0 ¢
IRt As ABRE™ , B S BR RF AR
B AL LA e 7 A B B 0 A A S A
3.2 B SR A AL B M AR
Y S M R I R W T 940 LT S P36 L
5 B

KA NS , 5 SR AR A 4145 03
PSR TE 0 6, 1ELK H PRBORERON ; TR PR HE G 0
TR, M SR ALK Bt 3 A B B 0
T B R T BT 3 ) LR STV

0.7

0.6

0.5

0.4

OD

PR R, HESe oA sl B Rt SR A T4 300 350 Af::q) 650 700
SRV R T SE BRI BESBONE , LA 23R R0 1 BNk b,
SR B AEL/K Y R Yo 300 58 2R B ) 0 T+ B '3 B8 3 RASIEE RO R AR

jt Em /J\ E‘Jflﬁ%o lg Ij‘] 57I\$H %E:l:g'h? , ﬁ}]}[‘ , 7]({_-,3@ %ﬁa Fig.8 The absorption spectrum of phycobili-protein of M. aeruginosa
of control in different times

SO LR B s b e, Bty

;; L %H" 1 RIS g Bho AT RSRMERLRRLR B3 % %5 X BT X
g - AN AR o ’ N2 S Y BERE AR UK 48 B 9 EIE 8 a, b, c, d denote
%ﬁ[ ]%ﬂ(iﬁ%i@ ﬁaﬁm%&%@%}ﬁmfﬁﬂ ﬁﬁj%i’%’[ respectively the absorption spectrum curve of M. aeruginosa of phyco-
%ﬁﬂﬁi{’:, #ﬂa%’l 'f/t@% }ﬁﬁﬁj—‘%ﬁﬂﬂ‘j %}mﬂj biliprotein inoculated culture water from M. aquaticum at the day of
mﬁ&ﬁm[lﬁ&,ll,l&?’s] o E%,ﬂ(iﬁ%mQ@Mﬁﬂ;Fﬁ 1st, 3rd, 5th and 7th day; The not of Fig. 9 is the same as Fig. 8

FBLH I B R

08
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06 - =
< 80
0.5 £
g
8 o4 § 60
03 =
' & 40
02 3?“&
= 20
0.1 =
0 e : 0 |
500 550 600 6350 700 0 2 4 6 8 10
A (hm) fif /| Time (d)
B9 AbFEHERE O RBCLERELERL B 10 BRIk BRSNS Chl a, PC, APC HORZWA
Fig. 9  Effects of M. aquaticum on the absorption spectrum of Fig. 10  Effects of M. aquaticum on the contents of Chl a, PC and
phycobiliprotein of M. aeruginosa in different times APC of M. aeruginosa

3.3 WHZEAERSIE BRI (RIS KRR R —
EHEAQREELAERMBERELN EEII6RE , A Tt RE—8 AN, EXEEd PCH APC H
MEAAR, RAEBIOLRPHRERERBEELSARET (PST) RAEF L—H K a(Chl a) K
BN RIBH R G5 E H AR 25, TR 490 ~660nm X [7] Py 7 [ B9 R 63 , TR R g
P yRAh T R R TR R B R T X, LIS B R A T LA 3135 T AR RR AR A7 B S AR 4 o, X R
HEFENMBANRERG. AT, EIEE A A B2 E A R4, X2 BF R R EE >,
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FEZ DS an , %2k, HEl, MXRBIELZEST Cu.Pb.Zn Co.Ni F&BILR BRI BHEEAK
WHEHE, HFEAHEL B TEWEBEAMAZ "0, TE WG X8 %K AR YR RO AW
RPN HREEERP THERBPST £, I RURER R B LRY R EANE Chl a WFEWHET
el BRI BN A L T 6 111 Rl i3 (A0 AR i BB ) 19 PS TH T S5 B AR BERK R, 1 5
S A —E R RER R IBT SR RARGE

ARSI IS 2 S Wy I R o e o o 0 v B A R O i\ BEFE R LR O3 L APC T PC J Chl a =
FHHX S BERIFHBASE, R REEEHILHE APC XSRS LR YR E R EL T2
B, ATIESE T BEAHER H (JLHSE APC) M SIS X i s T Ot & R G R LB R R0 o BBk SR
PR BRI ALY I W] B A SR R B D R — BB B LG R RS, R E R
X TR TEIRAL S , AT H FOL SRR, A S SR M KR R =50,
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