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Abstract; The impacts of pesticides on primary producers (i.e., algae) have raised global concerns. However, the
toxic effects of herbicides on algae have been hypothesized to be much severe than those of insecticides and fungi-
cides. To verify this hypothesis, this paper selected 36-brands herbicides to document their uses in China for crops
of dry and paddy farmlands, and to investigate their effects on algae growth. The results showed that: 1) the effects
of the herbicides on algae growth were dependent on their functional mechanisms and chemical composites. The
herbicides that inhibit plant cell division and are applied on plant leaves were found to be more toxic that the herbi-
cides that are made of artificially synthetic plant growth hormone; 2) for a given functional mechanism, the herbi-

cides with difference chemical composites had different-level toxicities on green algae. The herbicides were less
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toxic on the paddy farmlands (e.g., rice) than the dry farmlands (e.g., wheat and corn). The results can be the im-

portant scientific information for better use of pesticides/herbicides, evaluation of their ecological effects, and pro-

tection of freshwater environment.

Keywords : herbicides; green algae; algal growth inhibition; toxic effect; mechanism action; chemical structure
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2015 AFEAEAFEAR 2 S i 132.8 J7 i, Horb R B
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1 ##l57 % (Materials and methods)
1.1 g bkl
111 BRAEH]

IR 36 Fh R 25 b A 12 Fhal L
FEK A 22 FpreT DAZE SRS B 25T Lk
FH 5 BRI S 2R/ 1) 25 Sk . 3R 1 R4
T 36 MPERFLH 24 Y h 3 e SC B R A RO
i TR A S A E AL, A ROy i
AT, H B 10 S A2 0 X6 3 2 i) 5%
ISR, XX T K AR 24, ] /b 8 0P e 2 P/
A9 FLI R FLAR B BT B
1.1.2 #EFp

H4E OECD F 0|, #4840 T X 55 AR W iy 2 A
S 31 BHE M (Scenedesmus obliquus) 5%, 2F- ff H
¥ (Selenastrum capricomutum)fE Ry 72 h IS E K
R S BRI B P E R B K A A
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1.2.1 B4R R

e BG11 85 38 e 5% 55 1 Mt i (Scenedesmus
obliquus) 1% 3 ffi H 4 % ( Selenastrum capricomu-
tum)™" HE T TR AR A 1R 0 FH A B R A a

FREEMHETEIR P, A BEOGRE G F2 48 (1 L R
aril G A R A ] oh B AT AU 5, R 96 h 4%
Fh—IK, 3R 2 ~3 UK, 2k Ay 5 28 AR 3k 2] [F]
AR BB, AL TR E A K I A e
BRI R B TE 5 33088 (Olympus , H AX) SR K6 4%

R1 36 MEREF BRI K

Table 1 List of 36 herbicides used in this study
YEHIBLER 127285 PR FR YA ABURI> E 1%
Mechanism of action Chemical group Herbicide English name Technical grade (a.i.)/%
T TS —— %'ﬁﬁiﬁ@&?@ IR g Cyhalofop-butyl 97.4
IR il Clethodim 37
it P R A R s it o Rimsulfuron 99
it P R A kR Prosulfuron 95
it P A TELI it e Flucarbazone-Na 95
CBEFLR G BE(ALS) I 571 T ENR S i SURH Penoxsulam 98
WENE KA IR IS W e e i Pyribenzoxim 95
=TI I SN SR e Cloransulam-methyl 98
B S KT i Florasulam 98
I IRERZE AT Phenmedipham 97.8
=Rk R A Terbuthylazine 95
=R IR L Metamitron 98
O, j@éﬁﬁéé U in Metribuzin 97
= IR 2 A M T Amicarbazone 97
JFRCBERES FEUE il Flufenacet 98
HIF WML KB Bentazone 98
ENES KNG Bromoxynil 97
JErC P b 5 4 A il 41 1 50 LSS M S Pyraflufen-ethyl 95
R PR A e L Mesorrione ”
AEHES S A 2 Isoxaflutole 96
EERIR S i Glyphosate 96
T T 3B 3 ﬁ*}[,%%’@ ﬁﬁ’%@%’l Glyphosate potassium salt 95
EERR S BT IRl e A P Glyphosate-isopropylammonium 95
AHLBES PR Anilofos 97.3
M E 2 ST A LR 57~ TR Fluroxypyr-metyl 97
TS L L 5 TSR RE S ZHIRR Pendimethalin 98
RSN e FURR Trifluralin 96
b KT R A :s?ik Z m}ﬁ’t% MR i fie Metazachlor 98
AW i o P9 P RE S-metolachlor 98
A BT R @E%‘é RRLPE Prosulfocarb 98
kA= U AL ES RSP Thiobencarb 97
R R 2,4-1 T e 2,4-D butylate 98
AT R K 2 il':i%ﬁi?‘i&ée 2,4-?%%%% 2,4-D isooctyl ester 96
HBEIRIRK 2§ 4%  4-Chloro-2-methylphenoxy)acetic acid (MCPA) 95
IR Ea s Dicamba 96.5
Hoftb AR EIE T AR IV IR e ] Oxaziclomefone 97
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BRI ARG, B B HIE(21£3) C;
HEEL IR G IR B 22 S W AR R E £15% , OG5
4 440 ~8 880 Lux!"",
1.2.2 R

TG, SR FH AR 3550 T D 1 240 A
5 FHER BE ) — R AN [R) e B 130 25 7,
5 HE K B i (Hirayama , H A)HRFE 121 CAME T K
0.5 h, %5 =4y %IH 50 mL M & AR 56 25 )
R REZE i 45 5350 HZK) T 50 mL B3, it A 250
mL =D 55 A3 R 1 (145 4] 46 5
FEHIAE 5%10° 4> -mL " 2247 5 ML BB IR KT %
5 RER N TR 4~5 K, RS2 iR — 3
Pl B LT 22 37 32 A5 LA, IR & 5~7
ARBEUL, H BB — 25 PO R, 58 FH B s
BRI IR, B REARE 3 ANEE, Tk
SEL Ay 72 h, EEBE 24 h BURE, 205070 h 24 h 48
h Fl1 72 h PR ARG HE Tl . N = A
A AR B B, SR P AR M TR 7 AR T
BRI TEONR B T 502 4H I AR, T7) B ARG A 98 4 7 £, |
TEA VL B R Bl R &5 S5 AR KR oL, B SRR A
B2 W, A SRR A BRI TE O A R
YEG OR 228, B S8 b, R0 20 55 T 42 il
TEQ1£3) C 5 TSI 5 I, S6 IR & 25 5 0 R R
TE£15% , 6% 4 440~8 880 Lux,
1.2.3  FRbI 550

F4E OECD  USEPA F13% [E 4 24 2 e HLAE il 1T
(A4 2 R85 B A AN I I« S AR K I ik
Gt AR R A B ()T

Yc' Yt

L= M

s 1, O Ak B2 A4 ) 8 R B A A )
AR, % 5 Y S X LI R A 28 i R e,
BRI B A BRI (A - mL )5 Y AR B
I S IR A Wy, P AR IR R i LA
T mLY),

R SPSS® 16.0 Grit=Fi k43 B s 2 il | @
1o BESE W R AR o R AR E 72 h o
BN e (median effective concentration, 72 h-ECy,)
1 95% AR X W],

1.2.4  BRECRIN S B TN

ARG A 27 A 285 PR 358 2 e PP AR 36 0 U -5 14
FR Y BES A R A 0 ) M A 2 T S Y
SFRAN Y, 72 h-ECy, <0.3 N #5;0.3<72 h-ECy, <

3.0 H#E;72 h-EC,,>3.0 AKF ., WF5EH 36 Flfk
PRI R SRR R R ILER 2,

2 Z52 (Results)
2.1 I[RIWE FHATL IR A 27 28 S5 I 50 %o 8 11 7
PERFIE

A3 A FRLER AL 2% 20 U6 36 i 2 5% it
115325 IR A AT R BT PR R . 36 FhBR R
FeAE FMLER 3 CTESHEG A B2 AL B ) | 2 el
AT DCATERDEE RE 1 IHIFRIAE 11 284k
LN RO EAR AR I OGRS RS
G524 DGR 1) AR AU B3R R X B — S
(R T8 3 9 B #5 K(72 h-ECy,:0.00101 ~ 143 mg -
L™"),72 h-EC, f5e/IME I 5 2 Tk i 245 83 75 551 i s
ek Ak A W 1Y, 2L 72 h-EC,, 12 0.00101 mg -
L iR R IR PR w57 2 W 4 G RbA e i) 72
h-EC,, fHi55] 143 mg L, 36 FFR AL i 24 X 4 o5
BEPEAFGT I, X 5 B 1 A AR 25 A B e 7 o 31—
DL 19 BB B0 X SR e R B R AR, W 9
FRASTRIE I 5 =R 15 Ak 2600, 5 1 51% 5 5
TSR R R 0 e SR B v 2 W K 3 B [R/E T
A S FAb 42800, (5 L 14% 5 73 90, F 12 PR
FIXT ek RN &5, W I 5 FOAS[EAE 7 U0 8
Fifb 220, 5 H 35%

R B4 Oy O s B s e (@ 3, X1
OV L0 A L 53 SRR FH T A - g A % B 70 %
SRR R N A B AE K R RERR
BRI e MR AR (3R 2), X R =
BRI RE (Y BREL AL 17 B 25 7 BBy 172,72 h-
EC, fHM 1.01x10° mg-L" %] 2.5 mg-L", X 17 #f
FrAH EE U CBAR AT DA ERDEA RS 1
TR AR B Bl 7 I 410 o) 550 0 g 2IE G A 1 ) A
5200 3, A2 200 32 B9 R ok R 2#% (Gl e
T BT FAE ) | == R 0 24 (S it JYe RO e fre ) |
SGRSECRE T MY R 2R (R R | O AR S BRI
I3 1) (FRUME e JHg ) | — Ak B R 255 (22 Mk R ) L D SR
PR (RE R ) | A R R (IR ) (A L
T 2 25 (B A8 B FITR S PR Y B e ) R 4 2 5 HH T
BB CRHEPHRIRFL P} 2),

X ER EEREPE A IR EE A BRFLF 2L 19 Fh, 20 5 B4
() 1/2,72 h-EC,, fH M 3.34 mg-L"' %] 143 mg-L", 19
ol Xof £ P AT B 190 3% 7 71) = B L i bl i A A T 7]
TR RF 38 R e AT 2 XS 4 P TR A1 1 701 Tt P T P 2
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FLPR-3-WEAM G R N LA A A KRR
F, A2 2] S YD RIS (b R k) | TR (i
AT ) | S A IS (e R s ) A AL IS (R L
HREERER O RS N AR ) I BE SR (R R LR
SR R ERIR I (2.4-TH T TR \2.4-T 52¢ g .2 W
4 5) AWM (GEFR) | Zr AU AL BRI (8
R (35 2),

SRPEREMEAAZ B BR B A 7 s 1k
ST S )5 e L AR R 2, AR RIVE T =K
AN 2 28 ST 83 0 391 %o B — S i 1) 5 1 22 5 P
W, et VR = S £ LR G i it RIS
FUK AR S B B 70 ik ot ik 28 AR e 1) . S i o e o
RIS B RE(72 h-ECg = 0.184 mg-L™), Il M5 IE K
A 3% e 1) 1 W g e ik oF A 2 A 956 I B (72 -
EC,, = 24.6 mg-L"), [FFE AT e a1
ARG I MR =B RN I eSS | — R R
B FAVRE TR AR AR M R 7 (72 h-ECy, = 4.4x 107
mg- L), T 28 I MRS IS [ 20 751 K AL 0 A8 A M I
#(72 h-EC,,= 9.54 mg-L™),

3 iFi( Discussion)

IEAEARATHUBEZS | — T 2N 5 EUR N IR ISR
FRPERICBR IR 23K 2), R RIBRFLR 4 A LI
I8 070 Bl S A M R A Rl T 2R ok e
i i A R 5 R A PR R S B ) S R T R L )
2015 A BB OB It i T A S R BR B, B0 8k
H0 9 328,305,294 1203 4>, i 3CH 36 R
RO AR N EIC, EEETSICEY KA /D
R F KA, Hod A 6 Rl HL R B 0/ it 10
Tl A 14 FERFRESCAEY HA 1 R, AR
BRI R SR A E B ICE Y I 2, MR AL
A M, 7R KRS R4 32 M EY 3k
PR HUOR A ML BR B R R H B 7 AL,
s TS DR T O 21 o TR -3l 10+ 741, 20 ol 26 K R L oK
85 28 FEY) ARSI O = R R S W 2R R )
i 5V R R R FHAILEE SRy A 4 R D R 1 il 741, 43
WIAE R T KA 18 FiEY ART55IC

2015 4EAR 2577 S AE KRR LB i i 2, Rt
692 Flt, i 27 i 23% , WFSTIR 36 FRBR R,
TEKAE ERAF I BRFRA 14 Fh Lk 13 1ER
FEFTT LUK B Ll 2 SR e | S e |
TR SE . FEKRE AR A R B X e 2 i
AR T 52 FH AR A 0 A B3 B 50 X e ) B
TEKRE EARAG B 14 iR E R 10 5 5 50 X 2

BEREVE MAEEE(72 h-EC,,:5.15~ 143 mg-L™"), 1 FhER
H) S HEE(72 h-EC,,:0.59 mg-L™"),3 FhkHI7] 3%
K RE(72 h-EC,,:8.94x10° ~0.184 mg-L"), %
SN 18 FhBRFRIAE S A, Lo an s B | 22 F e |
PR R A Horp 8 PR RN SR B M AKRER(72 h-
EC,,:3.34~96.5 mg-L"), 4 FhRE 7] K 35 (72 h-
EC,,:0.487~2.5 mg-L™"),6 F 55 F B 4 5 272
h-EC,,:1.01x10° ~3.47x10” mg-L™"),

AR TG OB R R PR ),
T4 EIXHE R A2z i, JUHIRAR 25 1800 A 7 R
BEHRAT I A TR FE . 10530 F B SR BR B
NI A S IRBE A RE M, TR AR AR 7™ A V5 G () 4
RIS YR 2y X R A 2 SR AR i TR
J& IR R INE A KIRG 7 —E R4
IS5 AR XK A ShAd Y Re = A= W il fe
REG L 28 K385 Y, I ELX 8 FH 3k Fl i K i A
B fGE  WESE PO AR EE R O R B H K Th
JERSR B AR 2, Eb U R B e (AR 0.41 gL,
19 °C) WUl 51 (7R R 6.36 g-L7',20 C) K%
FEERA AR 1.7 g- L7 ,25 °C) EREIOAMIE 12 g-
L',20 °C)FIG M B (AR 4.6 g-L7,20 C)%,
ARZ5 Ty 52 B W 7K ki) Rk 25 DT 75 G 3Rk R
Ko HER KR BAR A Wi 30 55 , B im R AR
203 RGNS 0 T R e R R S T e T
PEBR ) R A AE 3 b A i A 25 W] e X AR
Y= 253 R A — e I 2 o 5 A - 4 v
B F T RARS A B SRR T 58 2 ~ 3 A A T AR
TE M B W) 0 e U EY e A B E T
H ARSIV E T T5 Y b K sl K,

e 25 1 = B 1 Oy A FE mE 25 FE R R
i PHR) AR A I R A 2 BR AR 0V B
Yk 2w b RE A 75 A - el R 7 R 2
X LAAMY - sk Slrb X6 T 48 e 1 i i k2 A
25 ERITIIVE R B AR ISR WA FIEREE 3 B S
G, AT A 2,4-D TR — R % R PR
SRR RN BRI, REPIBR/ANE  ER AT
SEAEY) I B) R 2 B 2,4-D T BEAE R W) 2 H I
PEUf BiE R, RIS E 15 CHLIELA A,
W% 55 ] R A 1) 2573 7 A M T (H B A2 /T 100 pum
() 240 /NS5 T AT XU RS — 5 BE 2 76 20 25 A% 1o 72
H S5 I 7K A AR PR ZE e F R A R ) 5 R XL )
T () BB AL 5 3 ~ 4 GOX T RS I K, KU 3k 6
~7 Y, A IE B AT 5 1 500 ~2 000 m, 2,4-D T
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Pl T 5 24 of = AR 5 — YOS A1 B2 JE 1 12 d N
FIATHER BR8] KU & A 0O, AR,
H1F 2,4-D T 8 B 50 550 BB 2 A 0L I BURAE
WA /N | F K Ll A A 2 E AN R
AU AR RO 2445 AN 2016 4E 9 AERE
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