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8 . LU S W Microcystis aeruginosa PCCT806 i BF 78 %F 4, BF % 2 H i Glyphosate 38 F
M.aeruginosa PCC7806 A 4< Al €0 3 & w19 48 4k, L RO & R GE M52 . 45 R R B, 24 51 T 3 R =50 mg/
L B, M.aeruginosa PCC7806 194 4 52 3 ik 3 0 4 . 38 5=b 2 P 180 U9 43 BT, 96 by, 80 Ji Xl ) 243t s 208 S 199 2 2880 7 o oAk
J& ECso 4 62.33 mg/L. 2 H B BT BLHR % b 200 mg/L i E 2 3% MR AR H SR I SR B0 L AN MM HT G 8 2 RIS DR
HOCHESINF AR B R AR R E FOCRGE A R W B A0H, IR & T XF R Y 0% T 24 5T 5k
4 100 mg/L .24 h 15 96 h 45 & B O-J- 1P 4 E M E % R HOEA R4 1L C PSID 5432 B3 .
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JEEEAL, Wk BG11 S &R gL 3= EE R A T2 A BG11 85378, TORMEE M P 3% 7 d. B X
R KW EAT Y R 38 B 95 41 6 #E 30 wmol protons/(m? « s) G 12 h = 12 hRBE(25+1) °C.##
BRI O B R R O OB 68 YoM FD I B £ i A 25T .
1.2 EHBRKRE

SEERAE 250 mL AR AT X BOH B M.aeruginosa PCC7806 A, 3 A JC T Y BG11 $5 57 3
LR 100 mL, B H R A9 B & T Mk BE R 50.100.200.,400,800 mg/L.M.aeruginosa PCC7806 [ #] i
HMIELHR 7.9X10° cells/mL.AXEE L 0 mg/L AL BRLLAE g %) IR, B 205 3 AN H 2 A0 6 IR SR 48 b Y 37, ok
30 pmol protons /(m® « s) OGRS 12 h = 12 h, /R (25E 1) °C, & RKE 830 3 I, [ B4 78 70 5 175 72
2 fi.
1.3 #pait#

SEEGEE 24 b IURE TN M 2% R I 3R 3T Al 7 OLYMPUS-CX31 & % (A A&, OLYMPUS) 40 f% T
T4
14 MEEMERPE FEFEWNER ECs MUE

PN S RIS B N B 80 Y0 By TR R AT B BRI s L ICTR I AL 24 h REUR IR AR,
£ 450,645,663 nm I 5 3 4 A OB AE L 3 BEOF 51 8 AT THR . 4R R BT i VR Chla =12.72 X ODygg; —
2.7X 0Dy s BWAE M Z WK Carotenoids=4.1 X OD,5, —0.043 5> Chlat"' "> DLHE 2 8 v - 57 5 v B %t
¥z (Probit method) , #] F SPSS17.0 H Probit ¥ ¥ M.aeruginosa PCC7806 fEH H 255 96 h 1Y
ECs H #4781,
1.5 MEERAXSHBRSEADNESHST

ARRE TR RS2 BRI 3 122 K i 2% 3 9% Y64 ( Aquapen-CAP-C100, Photo Sys-
tems Instruments, The Czech Republic)#ll % , M %€ Y658 24 30 pumol protons /(m* « s) 105k 50 ps~1 s %l
Wk bt b T gl 2 A A Ak 000 R L A R FE 4 S B 15 min' .
1.6 HEFHiItHH

SEUSHE A SPSS 19.0 #E 47 HLH K 7 22 0 M (Qne-Way ANOVA,LSD) X [\ 4307, P<C0.05 Bk H
HA 3% 2% 5, P<<0.01 BHA A W 3% 2 5.
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2.1 EHEE M.aeruginosa PCC7806 4 1< H 3% I

BEHBEX M.aeruginosa PCC7806 A K2 an1& 1 Frs , 7E s H MR IG 24 h 5, M E K T El%
F 50 mg/L B}, M.aeruginosa PCC7806 B4 1< 5t 28 L H & 2 10 o) % oz . Bl & B H B o = R % o 484 i, M.
aeruginosa PCC7806 A= 1 H il 50 of th 32 i 1 i iy 3 B 8] 55 3 96 h J5 .50~ 400 mg/L BEH B 38 b 3 2H
{180 200 JH K000 S S 25 AT R RO e R B v B N0 96 b ARDRS ) 410 ot Ak U A3 A (I 2) L A5 R R
¥ M.aeruginosa PCC7806 50 %64 K411 il i £ 3k & (EC50) N 62.33 mg/L.
2.2 EHBEX M.aeruginosa PCC7806 Al E S EM N

3. K- 4 00 BxR T EHBEGN M.aeruginosa PCC7806 4 it N Chl.a 251 & b 28 0032 . 40 ig Y
Chl.a 5B E MEESETBFFEARMLL. L EH B EWE N 50 mg/L B} . M.aeruginosa PCC7806 4H
@ Chl. a & E7E 48 h B3 5 T X IR 7 100 mg/L B ,M.aeruginosa PCC7806 40y Chl. o FIZEHIE |

W Chl. a FIZEHIE N R & &5 52K T 0 IR
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MIE 5Ca:24 h;b:96 W HPA] LA B S HBEMIE T M.aeruginosa PCC7806 M4 X iF S o L HHERS |
Ttah J12 5 O-]-1-P FRAE. % BB K AR R &= W B (50 mg /L)WM SR iE RO L MBS BT sh 140 B
FIE T 1P = AN 240 55 975 AR B R (50 mg/ LA THIAN P AT T X% B840 . 100 mg/L 5 200 mg/
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L 20 iy 23 238 5 5 9 G SR T 00 R 2L, 35 720 A Wt R ¢ 0 JBT 8 R BE (400 mg/ 1) IR, H =3 i 4B 45 0.
4 R B TR ) 800 mg/ L, H O-J-1-P FEAEWE 25,96 h K537 5 45 0 i Wk J3 A8 A0 5 K I B VR B (50 mg /L)
A P AR XTI ,100 mg/L 5 200 mg/L M4 25 260 P AR & X5 /4L, O-J-1-P R fiE 2 1k
BHVZ,400 mg/L 5 800 mg/L Bt ik /Y O-J-1-P FFAEH LI K.
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50 Y6 AR A il MR B (ECs0) 2 62.33 mg/ L 1 [A] — Fif B 0 700 ek AS ) g b 19 26 4 S i 2 R W) A, 222 A2
T 40 A T Y 1) S RS T S BORE I 1 25 ST R TS B S R BRAE 96 h R EDH i U R A
WM EC A 7.25 mg/ L. H S0Pk 58 PR A Bl KR &S5 0 98 K B0 B e At 2 B 986 1 EC5, (96 h)
623.2 mg/ L, A I W8 22 B BT 5 9 B F (18.8 mg/1)72 h J5 , B i %k 434 A6 o8 i 2F K il 1 1 e 3 1)
9% & BT MR B 2~8 mg/L LA K 5~15 mg/L f5EH 43 5 6F BESE F1 6 R 6 A4+ FCAE 76 A TR) 9 3 2
K RONE 5 TT B2 [l X 79 o S 0 400 1 A K 0 40 B > 10 mg/ L RT>15 mg/ L ZE 5 bR BIFGY S B0 AL H g %o ik
BEHY ECs (96 WE N 55.92 me/L, B H I T b 25 P 358 25 X6F s 50 700 A W it 4 B2 Wi L AR K PR b B 3R B L i
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TH ¢ S 83 43 B ] LA 00 o O o v R MRl 3 S 30 PS I % B I 37 M b O R L SR T BB 0 Y AR

3B o [ I B2 A H 7 A R R BOL G RGP RS S R R M O AR

(1]
2]
[3]
[4]
(5]

(6]

RS PR/ VA (14

R 3R 91 3 Bl 1 RHE
3

56
52

ik — 1.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

o

o ¢ cccccccocﬁM
o o o 00000080

B (K

50 mg/L
0 100 mg/L
B 200 mg/L
[ ]
]

400 mg/L
800 mg/LL

10

t/ms

100

PO ......“/

oo o © 5 66008000000 )

7*44"".““/
b oooocOM

8000
e

1 000

B CK

0 50 mg/L
B 100 mg/L
B 200 mg/L
B 400 mg/L
B 800 mg/L

0.1 1

t/ms

100

1 000

Bl 5 SO M. aeruginosa PCCT806 M43 2615 S8 /1 S 4F AL MUSEM (a:24 h;b:96 h)

5

4

2 X M

AU AR 25117 5 i) 45 s SO B T LR 25,2006 (1) - 1-4.
R R R L R S R B R AT ST LD . o Tl R

A B R A T T SR (). B R R 2 B 3, 2012, 37(6) : T43-744.,
RS I RAE 2 DR WA, IR, A5 =l B e R0 o A A M A K B R e [, B TR A K 2 2 R CH SRR RRD L 2000,29€01) :92-95.

Smith A E,Grover R,Cessna A J,et al.Fate of Diclofop-methyl After Application to a Wheat Field[]J].Journal of Environmental Quality,
1986,15(3) :234-238.

2016(2) :120-123.

Solomon K R,Giesy J P, Lapoint T W,et al.Ecological risk assessment of atrazine in North American surface waters[ ]J].Environmental



94 T IR IL K FIRCA RAF RO 2018 4

Toxicology & Chemistry,2013,32(1):10-11.

[7] Tang] Y.Escher B I.Realistic environmental mixtures of micropollutants in surface.drinking,and recycled water: herbicides dominate the
mixture toxicity toward algae[ J].Environmental Toxicology & Chemistry,2014,33(6):1427-1436.

[8] Ahlgren G.Lundstedt L,Brett M,et al.Lipid composition and food quality of some freshwater phytoplankton for cladoceran zooplankters
[J].Journal of Plankton Research,1990,12(4):809-818.

[9] Strasser B J,Strsser R J.Measuring Fast Fluorescence Transients to Address Environmental Questions: The JIP Test [ M].In: Maithis P
(Eds.) ,Photosynthesis: from Light to Biosphere.Dordrecht: KAP Press.1995:977-980.

[10] Stanier R Y.Kunisawa R,Mandel M, et al.Purification and properties of unicellular blue-green algae (order Chroococcales)[J].Bacterio-
logical Reviews,1971,35(2):171-205.

[11] Richards F A, Thompson T G.The Estimation and Characterization of Plankton Populations by Pigment Analysis.II. A spectrophotomet-
ric method for the estimation of plankton pigments[ ]].Marine research,1952,11:156-157

[12]  FREMH . VE L3 & 5 SR Al o 4 3 a SEMERF ST 04K L) K AE A 4 3. 2012, 36(03) :509-514.

[13] Spss Inc.SPSS 10.0 Synatx Reference Guid [ M].Chicago: SPSS Inc,1999.

[14]  BXEWAS, TR E. R AL B ECs BBFSE (Estimation of Probit Methods on ECso) [J].AE S 24 ,2010,5(3) :420-425.

[15] Shao J,Li R,Lepo ] E,et al.Potential for control of harmful cyanobacterial blooms using biologically derived substances: Problems and
prospects[ ] ].Journal of Environmental Management,2013,125(1) :149-155.

[16] #R/NE, 8406 2, 45 BT Rr i F e 5 25t 52 s R g RS AR R i ma [ A4 28 5 R A 3R BT 241 L 2008, 24(1) 1 72-76.

(170 WRiEMD . 30 20 L 12030 S5 7N 0 B 400 o T K T o A K B9 R A A0 [ . 3R 50 B 2, 2003, 24(2) : 13-18.

(181 M. A7 MU A 24 %8 7K 48 9 1w 4% B 3800 [ D)7 - BER R 2% . 201 2.

(197 RES AEIEZ IV A FHH BT 7K AR 2R W0 1 B 1 00 B BR B8 42 A M 98 [ 1L W7 L R 2 2 R CRO 5 A i B2 JO 5 2000, 26 (3) £ 309-
312.

[20] kU7, F VLV LI 35 . F0 Mo A 5 Ay 6 9 R0 0 A Ak TG 9 B2 M 2 AR AN () ] AR A8 B B2 4. 2010,05(5) :685-691.

[21] AR TS Co®m XZER NP — 5 S FELD] S St A%, 2016,

[22] B I B e 700 e TR of 90 6 9 9 2 PR 9 (D] L3« 11 N T BOR 2 B L 2016.

[23] Saxton M A,Morrow E A,Bourbonniere R A, et al.Glyphosate influence on phytoplankton community structure in Lake Erie[J].Journal
of Great Lakes Research,2011,37(4) :683-690.

Effects of glyphosate on the growth and chlorophyll fluorescence
induction dynamics of Microcystis aeruginosa PCC 7806

Pan Wenjing, Wang Yuliang,Liu Yang,Li Xiaoyu

(College of Life Science, Henan Normal University, Xinxiang, Henan 453007, China)

Abstract : The effects of the growth ,cytochrome contents and chlorophyll fluorescence transient of M.aeruginosa PCC
7806 under the stress of glyphosate were studied. The results indicated that the growth of M.aeruginosa PCC 7806 was signifi-
cantly inhibited when the concentration of glyphosate was greater than 50 mg/L, By linear regression analysis, 96 h, EC;, of
glyphosate on M.aeruginosa PCC 7806 was 62.33 mg/L.AT the concentration of 200 mg/L,the contents of chlorophyll a and
carotenoid could be significantly reduced. The result of chlorophyll fluorescence transient analysis showed that photosynthetic
system was no significantly inhibited by the low concentration of glyphosate,and the peak showed higer than control group .But
when the concentration of glyphosate was 100 mg/L,24h and 96h results indicated that O-J-I-P features have disappeared,that
the photosystem II (PS II) activity is inhibited.

Keywords : Glyphosate; Microcystis aeruginosa ; ECs, ; Cytochrome; Chlorophyll fluorescence
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