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Impacts of Eichhornia crassipes ( Mart.) Solms Stress on the Growth

Characteristics, Microcystins and Nutrients Release of Microcystis aeruginosa
ZHOU Qing, HAN Shi-qun, YAN Shao-hua, SONG Wei, LIU Guo-feng

(Institute of Agricultural Resources and Environmental Sciences, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Due to the large-scale application of Eichhornia crassipes (Mart. ) Solms on the bioremediation of eutrophic lake in China,
the influence of growth, physiological characteristics, microcystins production and release of M. aeruginosa by E. crassipes was
investigated. Meanwhile, the release risk of nutrients from M. aeruginosa and the accumulation risk of microcystins in E. crassipe were
explored through semi-continuous co-existence experiments. Our results indicated that M. aeruginosa was promoted by E. crassipes to
undergo the cell death. Under the stress of E. crassipes, direct damage of phycocyanin and phycocyanin/allophycocyanin ratio in M.
aeruginosa occurred, while the photosystem II-Hill reaction in M. aeruginosa was not interrupted. The PC/APC levels in the treatment
of 10% and 20% water exchange rate were respectively decreased to 54.93% +7.07% and 55.81% +1.97% of the level in their
relative controls after 8 days. Then, the final significant decrease of specific superoxide dismutase activity and the striking elevation of
malondialdehyde content in M. aeruginosa could be the results of oxidative damage by E. crassipes. Algal malondialdehyde content in
the treatment of 10% and 20% water exchange rate were respectively 2. 95 £0. 074 and 2. 22 +0. 086 times of the level in their relative
controls on day 8. The release of nutrients from M. aeruginosa was accelerated because the decay and lysis of algal cells were promoted
by E. crassipes. After 12-day co-existence experiments, the concentration of total dissolved nitrogen in water was brought back to the
initial level and the release of total dissolved phosphorus was faster than nitrogen nutrients under the stress of E. crassipes. In addition,
the microcystins production in M. aeruginosa was not stimulated and the extracellular microcystins were significantly eliminated by the
influence of E. crassipes. The extracellular microcystins contents in the treatment of 10% and 20% water exchange rate were
respectively decreased to 12. 07 pg-L™" £0.63 wg-L™" and 11.36 wg-L™" +0. 04 pg-L™" after 12 days. But the microcystins level in
the whole plants of E. crassipes co-cultured with M. aeruginosa for 12 days was only about 5.95 ng-g™' +0.76 ng-g~' FW. The
increase of water exchange rate could reduce the damage of M. aeruginosa by E. crassipes, but had no significant effect on the
microcystins elimination.

Key words : Fichhornia crassipes ; Microcystis aeruginosa ; microcystins production; microcystins release; microcystins accumulation

WimHH: 2013-06-03; EITHEA: 2013-09-01
BEEWE : FEZOKMT5 Q426 50 BAHE KL 31 (20122X07103-002) 5 VLR FIAREA2EE 00 H (BK20130730) 5 VL3534 H EAIHHRR I H
[CX(11)4061]
PEE R JHK (1980 ~ ), 2 L RFo0 A RIBFSE 0L, 25T 05 10 A K PR e 28 A 38 57K IR & B 324K TA 7 , E-mail : qqzhouqing@ hotmail. com
# IR R A, E-mail:shyan@ jaas. ac. cn



598 AN 5%

B % 35 %

AR, & E AR B E o et R —4
A PRI B () R T 4, Wl SR AR AR 2 TR
EUK BB F 8 E . REBHRD . JURY E
PR KA Rl R S 22 1 i L R 4
R BEERY. Hod KA R IR HAR ARG
TRz R RUR S R R N R A R
FERKE S EIE R T A B TR TS A K AR fE
F R N A SR K R A s E
TR, BE G eERER IR AR | WML IT 8
BRI AL AL B | AR R B AR A R
Terd2e , DURUIR S Ry 20 1) & 8 IR AR IR AE B 2 T
FEAERI | TR KB LR R . 2012 47, oK T8 A1 Tk
(1) XU S A R T AL 20036 3 16. 7 km® 1112 km®,

& BRI K A i woK RN faE.
H M 2007 4FE RIK SRS , i BOK AL R G H 51k
THZHOGE. ek R E T B IR oKk rh
i LAY K e et A 2 (MCs) BB TR A
BRIKAEXK A BE I R FE. BIR RUR X &5
FAKRBE MR B E H T8 SRk ik
()RS % i RN A 1 75 Y £ g (i 753 3 S K AR I
FEAR K — BT ] N RS & AR SR, JRUHIR 322 i) 4
F DX IR A 8 7 0 T X T A 9 e X 3 K
HEZ R FK R N 25 5 R ML T, L, 76
TS DX R 2 1 7 7 0 Tl AN T okt b 55 RS AL 5
(1) JRUHR 322 28 AR L A7

AR RUIR AR 2 3 i v i LR s sk G 2
Zo O 5 ok I L sk 2w i A6 B W 6 AN [ 98 1Y) 5
Wit A AT 1 (A 5 SRR S ] 2 ) 7= 2
MR RE T . DA S RUIR S5 1 ) 2 o 0 i N 25
VIR O 58 5 ) (9 [m) R, H R T ESE . AR
S3HT T JRUHR 32 XoF A 4o 1 5 e A BRI R MCs 2B 7
(R, RS T g ol i 2 RURR S 3 o
FEERLAN MCs BEIR) 520, X6 JRUIR AR B MCs 1Y
XS AT T 434, LAY X JRUHR 3% 45 Y20 37 i ) WA
AR FH A A 25 XUBS AR A — 2 DA AR B

1 ST

L1 SEEbhe

77 B 4 &k T B B ( Microcystis  aeruginosa
FACHB-912) Wy T [E Bk 22 B i DUK A AR Mt 5 B
IR KB R 1710 SRR Hoagland’s B ( pH
7.0). G ke e A AL TR EUE KR (Dgsy =
0.3100) B, F /T F LK. 1710 I B
Hoagland’s % 57 3£ 28 121°C K # 20 min. XUHR 3#

[ Eichhornia crassipes ( Mart. ) Solms | HUH YL 754 &
W Bb2EBEORRI. Z2 RBRERAA . ARk PYE . KE
TR bt e , PR/ INIEAR — S ) f A VR, 7E
1/10 2 B Hoagland’s 15 3% 3& (pH 7.0) HHi &5 57 7
d, R FAIE IR0, SC R R A B e bR R IR 4%
114 R B 28°C, HH XTI B 75% , Ot BR 5E 40
}Lmol-(mz-s) - ,j‘%ﬁﬁ)ﬁ,ﬂﬁ 12 h: 12 h.
1.2 SRk

SRR I T 12 LY JS I I 5 £ L
FEAT 76 10 LA 4 39 0% A 0 3 e B R
TINARIHH 8 T 290 160 g B KUHR P A7 3L 15 % | %
FHBRESE IR 5. 5 R T 6 6 50 U P il 2
FERERE SRR e — 2 R LB R, B 10%
20% WA 7KARSS et B, L 25 S 14 T 3 K AR 16 28
o XoF XU 32 T J AT ] 2 ke 0 A FH 1) % i 3
A AR KRG F8 b | SRR R IR AR IS, AN
JRUHIR 2 F4) b BRAE S Xt BE, B b PRIAE 3 A FAT
T B R SRR K S B %o A K Y
CRAGRR TS TR K. R R IBURE D 5 35 4 it %%
JE R DR IBURE I 2 K AR 2 T8 B | 35 400 L A B 2
BhR . LAY P RS MCs $5 65, 550 d 5258
6 d IURE, U AN A Hill RVE 1. %50 d FI%E
12 d Bt i RUIR 3 rh AR 1) MCs 1B 1L
1.3 Wik
1.3.1 JK{IRfb#FEFR

IR G ZU(NH, -N) Y B R F /K A% R - TR S
ERIE D SR (NOS -N) 2R A6 2, WA
BHE(NO, -N) RH Z M tb k. BrE kR
(TDN ) R FH Bt 2 1 0 T e 55 A0 o e B i, B
AR (TDP) SR SRS PLOC .. ULk
BB A TRy R
1.3.2  BRAEP AR

] g Tl S 9 2 8 SR ol R BSORR 0
THEHT SR M 2R 75 P AT B B (5 s ) A 5 LG
IR b P A SBOR 258N T 15% . 4R E
a SRR O mEE )RR A R I E R
Bradford "% 35 W 2 11 (PC) 131 38 5 25 11 (APC)
A0 S AR BESCRR T 19 ] B i, 2,3, 5448 = 2R 3L Y
W ('TTC) -Ho S 05 P4 A0 HE SCHiR [ 20 ] 1% 7 5, H:
T AR AT B E S B GR. 6 4R Ak A i
(SOD) FYTHE LM E R F SOD #6587 £ (g 5t
Y TREREGERT) . BEARIETY [ (MDA ) B9 & &%
PR MDA 5 I 50) & (P ot 2 AR ) T AR Y
JIr) . Hill J Wi g 4% BROCRR [ 21 ] 59 07 30 %€, DA



2 JEIRAS + JRVHIR X e g ol 0 A K S 7 2

B FRER R 599

2, 6- AW (DCPIP) A ML T 32 44, H4 i 7 —4~
R K5 OV AR FR SRR 5 R B 0 RS 1Y
B, HE— LR RIS AR R .
1.3.3  MCs HysE

KRR TR AL I (Whatman GF/C, 0. 45
wm FLAR) | BB BTN B AN MCs RES. KA M40 i
(UE BT Ul R e A Je BT 75% W R, i — 2 kAT
PP IAE (L h) IR )E FREE TR O L U8 e
7R RANGET (50°C) | /e EE T EAK T, Bk
M MCs . RURZEFR B MCs 12 90 H |, A iR
(R FRUAE BT 5T 38 T i KRR SCRR [ 22 7, R FH Y B R 4
IGR), SRS TR 4 24 b, PR A KR AL BE (1 h) LB
O, 28 B ZERANGET(50°C) | fenEa T
afizk . ff b E B AT C18 [E AH K L ( Waters,
Sep-Pak® Vac 3cc) , HEEVE LI 5 78 T )5, &
T Al K, R AR A JRUHR 35 0 R AR 2R 1 MCs A .
MCs >R JH i Bk 4 9% ( ELISA ) {50 & 3k 47 20 #r
( Taiwan Algal Science Inc., & Jll R > 0.01
ng-mLfl) ,LL MC-LR “WhRUE .
1.4 Gttt

KM SPSS 13. 0 # A it 17 5e it o3 b, ek [nl
VA 530 53 B 4% 8 b [] 54 A OGP | b 3] 22 543
B Fl ANOVA, P <0.05 Fn g E M2 5,P <0.01
T D E MR

2 ER5HMm

2.1 JRUHR X At ol 0 i A K G S

W 1 PR TR E S SR AT RUIR 3
A ) T B R ) ARG, A JRUBR SE R
T, 20% /K AAAE 3 23R A P Hp A S R 0 8 () FE T
18T 10% AS R ny AL B (H B 55 10 d, PP Ak 2 Y

18.00 -
—e—jlbk

16.00 Foopeo 10%28 B ok
T | —h— 10%H: fh ik
20 ok A Tala k.
Z 1200 [ —e—20%FEghik o P ® T
E o #
£ 1000 | =
= L
w 800 %
£ 600t
% !
§ 400
£

200 f

0
0 2 4 6 8 10 12
FehFert /d

E1 FAEKAFEZGEETRRERZEERERKNZNE

Fig. 1 Change in biomass of M. aeruginosa under the impact

of E. crassipes at different water exchange rate
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