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Abstract; Eutrophication and climate warming trigger the global expansion of invasive cyanobacteria. Allelopathy
may be played a critical role in the expansion processes of the cyanobacteria. However, there is still insufficient re-
search on the allelopathy between different species. Given the Chrysosporum bloom has been observed in Shang-
hai, we study the allelopathic effects among the invasive cyanobacterium Chrysosporum ovalisporum and two local
phytoplankton taxa (Microcystis aeruginosa and Scenedesmus quadricauda) by measuring the dynamics of algal bi-
omass, chlorophyll-a concentration, and chlorophyll fluorescence parameters. The results showed that under BG11
culture conditions, the M. aeruginosa filtrate only had an inhibitory effect on the growth of C. ovalisporum during
the initial 4 days, and it’s PS II maximum photosynthetic efficiency (F,/F,) and PS II actual photosynthetic effi-
ciency (Yield) decreased firstly and then increased, there was no significant difference observed compared with the
control at the end of the experiment (P>0.05); C. ovalisporum filtrate culture showed a significant inhibitory effect
on the specific growth rate and the chlorophyll-a concentration of M. aeruginosa (P<0.01) after 4 d treatment, but
there was no significant effect on its photosynthetic activity. S. quadricauda filtrate significantly inhibited the
growth of C. ovalisporum. After 2 days’ incubation, the biomass and chlorophyll-a concentration of C. ovalispo-
rum were significantly lower than that of the control group (P<0.01), but the photosynthetic activity of C. ovalispo-
rum did not change significantly. The C. ovalisporum filtrate had no significant effect on the growth, F,/F,, Yield,
) of S. quadricauda (P>0.05). The different allelopathy responses of

Chrysosporium to Microcystis and Scenedesmus, suggest that cyanobacteria in the same water body is more likely

and maximum electron transport rate (ETR .
to be the allelopathic suppression targets of Chrysosporium. At the same time, it also showed that the results of al-
lelopathy were affected by their biological characteristics and the nutritional level in the water body. The results of
our study further explored the competitive relationship among C. ovalisporum and different local phytoplankton
species, which added basic data for understanding of the mechanism of the global diffusion of C. ovalisporum, and
could be used for controlling newly recorded cyanobacterial bloom in China.

Keywords: Chrysosporum ovalisporum; cyanobacteria; allelopathy; photosynthetic activity
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E1

The biomass dynamics of C. ovalisporum, M. aeruginosa
and S. quadricauda in the other algal filtrate
Note: *, * * indicate significant differences on both sides (P<0.05,
P<0.01), compared with the control; Chr in Mic mean C. ovalisporum
cultured in M. aeruginosa filtrate; Chr in Sce mean C. ovalisporum
cultured in S. quadricauda filtrate; Mic in Chr mean M. aeruginosa
cultured in C. ovalisporum filtrate; Sce in Chr mean S. quadricauda

cultured in C. ovalisporum filtrate; the same below.
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M. aeruginosa and S. quadricauda in the other algal filtrate
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Fig. 3  Effects of filtrate culture on chlorophyll-a (Chl-a) of

C. ovalisporum, M. aeruginosa and S. quadricauda

o 5 AR T X R 4H (P<0.01); SEBG 45 ok it F/F, |
Tt , 55155 0.25+0.06 F10.24+0.06 , 5%F HR4H 0.23
+0.04 oI 3 25 5 (P>0.05), WAl 4(b)Fi7w, Bl 4614
O 11 VR % 7 1Y) ] Sk A e L /F,, T S A9
LA RIBH 0.46+0.01, B 3w T XA (P<
0.05); bS5 T B, 22 15 95 45 o it 5 0 BE2H TG 1o 25 Pk
ZE5E(P>0.05), W 4(c)fi7m, B A4 F 35 8 T s 77
W)U RS F/F, FERT 4 d A TiaE, 75
AT R, 5 B TG B S 1 25 57 (P>0.05)
WA 5(a)FroR , P96 4 RS AE 2 FlF st Pk
W, Yield RN TG EAR G Lkl
PEREUE R TR U A A Yield 7655 6 K FRE

(a) [ Control
[ Chr in Mic
I Chr in Sce

0.4
EE
o
0.2
0.0
(b) [ Control
I Mic in Chr|
wF 0.4
o

[ Control

© 09r B Sce in Chr

F/F,

4 3

Hif ) /d
Time/d

B4 BiREFRIPASHEE FRMIEREN
MEMEBERAREGNE(F,/F,, ) R0
Fig. 4 Effects of filtrate culture on the maximum
photosynthetic efficiency (F,/F,) of C. ovalisporum,

M. aeruginosa and S. quadricauda



228 s F

ooz 4R 15 &

@ [ Control
[Ichrin Mic
= B Chr in Sce
ze M
QL @
58
_g sk
—Q.- £ kK
g 02
= k
0.0
(®) [ Control
04r [ Mic in Chr
3k
= &
T 2
-3
o
=
[="
S
g
=
(c) [ Control
[ Sce in Chr
= E
2 @
2
o
=
[=7
°
g
<

i fil/d
Time/d

5 RSN E T AR EME
KBRAATE ( Yield) BIFZM0
Fig. 5 Effects of filtrate culture on the PS Il actual

photosynthetic efficiency (Yield) of C. ovalisporum,

M. aeruginosa and S. quadricauda

E AR, 155(0.10£0.01) wmol photons-m ™ +s™'; J5
b FZE(0.19£0.02) wmol photons-m™>-s™" | 7E &AL
ool AR b 4 SR T X B2 (P<0.05) . PO R A B U
VISR O 4 F 3 Yield 7E 55 4 KT FE 2 i Ik, 1M
JG BT AE 0 ~8 d R EMT X IR (P<0.01), T2 50
ZEd I FH2(0.34+0.04) wmol photons-m™+s™' | 5
Xt BT 8. % 22 5 (P>0.05), AI&T S(b)T7 , Bt 4
TR R P SR e B Yield ZERT 4 d BRE 2R T
F% %8 6 K 4(0.22+0.02) wmol photons-m~> s, i
FART X IR41(0.29+0.01) wmol photons+-m ™ +s™'(P<

0.01);8 d J& Yield [HIJ, SEE 450} 15 5](0.32+0.03)
pmol photons-m™ «s™", i 3 & F X BE4L(P<0.01),
WE 5(c) T 7, S50 AT) I B B 6 45 0 3 0 Y AT ) R
UM Yield fREFRRE ;4 d J5 P4 L 0R
W Y R Yield AIBTREAL, AEREAS g o R op
5%t A2 0 I 22 5 (P>0.05),,

W 6(a)iiRs , SEI 45 AU, 2 i g %
HHORA A A o 3396 T B TE (B 5 BRGL T B
2E5(P>0.05), 116 45 6 38 8 W TP A SR T 1Y o
TSI ZE TR 8 0.160.01 , & T-X B4 0.12+0.02,
BRI B E(P>0.05), TE5L 5625 A} 51 41 4 7
PRUEVR AN B U A Y o 5 SCER ) R A L
WA T R (H =35 T0 3% 25 5(P>0.05),

WE 6(b)Ir, SLEHILR ,2 B IR on a4
B ETR,,, 0T X B (P<0.01); 2045
B, 435l T i 22(538.90 +72.27) wmol photons +m™ +s™'
F1(282.1+64 46) wmol photons-m™~-s™" | 5% AL IC i
FIRF(PA005), SEIREE AR, O A4 76 35 08 T P 4R
SRR ETR,,, AH LSS GG AT ir BT, 5%
HRLLTE I 3 22 5(P>0.05),, Bt 4 0 35 8 i rh DU 2
WS R ETR,,,,, SCE07 A 10 2 & F X IR 41 (P<0.05),
SR EEHA R 2 5 ) IR ZH G 2 25 R (P>0.05),

W 6(c)rR , SEH I AR I, 2 Fh il i & v v o
61 4 FEL R Tk A% T X0 B A, Ly Do Rl e v
DR R Y Tk R T X IR (P<0.05) 5 525
SEACIT 2 FVRCEE DRI O R A Y Ik A BT
iR, G0 IR T B35 22 57 (P>0.05) , SEER 45 A, B
6 4 A B TR PR SR BRI Tk AH ELSEIRT AR P
Fhies, 5% B2 JC i 3 25 5 (P>0.05) . L1301, BR 4t
S EEE R P DY R Y Tk {E S R T R AL, S
IR | FRAIG 2 5 0 HIR L TC .35 22 F(P>0.05),,

2.4 ST ARUEW T DIP ARk

SEHGHIUR FISE R DIP 3 B 1078 AR A% i i 3% 1
Fi7N #5555 56 DIP Wk B2 i1 B o m ARy 35 20
JXT DIP (4 48 U, 52 90 90 46 B 45 Ui VK Hh DIP
WY BG11 K53 DIP Wk B, 2R il 2 v
TV BT 0 45 6 8 7 S 56 25 SR X DIP A W A )
JHEN 211 mg-L™' KT BG11 £353 91 2.32 mg-
L', DP4 e U R s, DIP kB |
FHT 114 mg-L™" 15RO 460 4 A5 1) U8 R i T
—E Y DIP, S ZR I BAe U1 £ 4 B DR rh 3y
FREJ W L5 R, DIP (% YR A &4 0.85 mg -
L' T BGI1 8535 168 mg-L™', DURMIFEAE



46 1

THIERAE -3 Bl IR K ol AR L 18] A S B S 3R F 5 229

A 4 A P U8 W P 1% R 2 S0 IR 45 AT, DIP 19 I i
FI G EGE N 242 mg- L™ & T BG11 K373
198 mg-L™',

@ (30t EHControl  [EControl | EH Control
’ ChyinMic EIMic in Chy| B2 Sce in Chy
| B Chy in Sce
0.25
s
®) [ Control I Control [ Control
[_IChy in Mic [_]Mic in Chy [Z1Sce in Chy
800 | IChy in Sce
=
£ 2
2
= 9
52
3
=
=
(©) [ IControl [Control | B Control
5 000-CIChy in Mic] [_Mic in Chy| Sce in Ch
£ EChy in Sce WlSce in Chy
<4000
£
2 & 3000
=}
=
o,
S 2000
£
2 s
~1000F
=% 10 0 10 0 10
IR R]/d
Time/d

BEl6 IRiREFMMBINLGERE PSS FEHIEEMN
TEM RSt R IR R E (o) RABTFEH
i®E% (ETR,,, ) fA@F0#5%8E (1k)
Fig. 6 The initial slope (&), the maximum electron transport
rate (ETR,,,,) and the half saturated light intensity (Ik) of
light curve of C. ovalisporum, M. aeruginosa and S. quadricauda

at the beginning and the end of the filtrate incubation
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Table 1 The changes of dissolved inorganic phosphate (DIP) concentration at the
beginning and the end of the filtrate incubation
A 6] /d DIP/(mg-L™")
Time/d Chr in BG11 Chr in Mic Chr in Sce Mic in BG11 Mic in Chr Sce in BG11 Sce in Chr
0 5.11+0.06 4.87+0.03 3.92+0.05 5.18+0.07 5.08+0.05 5244005 5030
10 2794011 2.76+0.08 5.06+024 35+0.10 423+0.18 326+0.05 2614005
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Table 2 The inhibition of filtrate culture on microalgae
ot TR IR A FEAE KR ) M28R a JeE ARG
Microalgae Microalgal filtrate Biomass Specific growth rate (u)  Chlorophyll-a Photosystem I
R4 RSk R BEUE TR
+-- — ++- +4-
C. ovalisporum M. aeruginosa filtrate
2 el 4 e BTG F A DR IR
—++ —++ ——+ -—=
M. aeruginosa C. ovalisporum filtrate
G 4x L B VU A
—++ —++ —++ +++
C. ovalisporum S. quadricauda filtrate
7u L IR B F R

S. quadricauda C. ovalisporum filtrate

T3 A +/=" 3 VRER SRR | rr SIS S0 R 75 X B AR ARV 5 47 s B OO B R B R AR T, =7 SR UK X Rl e 2k

B A HIAEH

Note: The three*+/=" indicate whether the filtrate has inhibitory effect on microalgae in the early, middle and late stages of the experiment; “+” indi-

cates that the filtrate shows an inhibitory effect on microalgae; “-"

indicates that the filtrate does not show an inhibitory effect on microalgae.
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