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Table 2.1.1 2002 R+ 5 b &4 g £ ¢
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WA A

5 W EECGE) T £3 () %
# %A Acaricide 391 0.93 143,970 2.6
#. 7 #| Fungicide 5,104 12.12 1,497,013 27.0
",% 3| Herbicide 16,492 39.15 1,390,531 25.0
BB A& Insecticide 18,749 44.51 2,392,922 43.1
H s Others 1387 3.29 127,294 23
i3+ Total 42,123 100 5,551,730 100.0
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Table 2.1.2 Herbicide resistant weeds summary table

(16)

Hg?éﬂges Mode of Action g?c;tg HEe);%riT;?ollzs Total
ACCase Inhibition of acetyl CoA A Diclofop-methyl 27
inhibitors carboxylase (ACCase)

ALS inhibitors  Inhibition of acetolactate B Chlorsulfuron 70
synthase ALS (acetohydroxyacid
synthase AHAS)

Photosystem II  Inhibition of photosynthesis at C1 Atrazine 63
inhibitors photosystem 11
Ureas and Inhibition of photosynthesis at C2 Chlorotoluron 20
amides photosystem 11
Nitriles and Inhibition of photosynthesis at C3 Bromoxynil 1
others photosystem 11
Bipyridyliums  Photosystem-I-electron diversion D Paraquat 21
Carotenoid Bleaching: Inhibition of F1 Flurtamone 1
biosynthesis carotenoid biosynthesis at the
inhibitors phytoene desaturasestep (PDS)
Triazoles, Bleaching: Inhibition of F3 Anmitrole 4
ureas, carotenoid biosynthesis
Isoxazolidinon- (unknown target)
es
Glycines Inhibition of EPSP synthase G Glyphosate 4
Dinitroanilines ~ Microtubule assembly inhibition K1 Trifluralin 10
and others
Mitosis Inhibition of mitosis / K2 Propham 1
inhibitors microtubule organisation
Chloroacetami- Inhibition of VLCFAs (Inhibition K3 Butachlor 2
des and others  of cell division)
Thiocarbamate- Inhibition of lipid synthesis - not N Triallate 6
s and others ACCase inhibition
Synthetic Synthetic auxins (action like (0] 2,4-D 21
auxins indole acetic acid)
Organoarsenic- Unknown Z MSMA 1
als
Arylaminopro-  Unknown Z Flamprop -methyl 1
pionic acids
Pyrazolium Unknown Z Difenzoquat 1

Total Number of Unique Herbicides Resistant Biotypes 254




Table 2.1.3 Herbicide resistant weeds of this investigation

HRAC . . . .. WSSA
Mode of Action Chemical Family  Herbicides
Group Group
Cl1 Inhibition of Triazines Desmetryne 5
photosynthesis
at photosystem II
Triazinones Hexazinone
Metribuzin
Uracils Bromacil
C2 Inhibition of Ureas Monolinuron 7
photosynthesis Ethidimuron
at photosystem II Fenuron
Tebuthiuron
C3 Inhibition of Benzothiadiazinone Bentazon 6
photosynthesis
at photosystem II
K1 Microtubule assembly Dinitroanilines Oryzalin 3
inhibition
Benzamides Propyzamide
Tebutam
K2 Inhibition of mitosis / Carbamates Carbetamide 23
microtubule organisation
K3 Inhibition of VLCFAs Dimethachlor 15
(Inhibition of cell
division)
Propachlor
0] Action like indole acetic ~ Benzoic acids Dicamba 4
acid Chloramben
(synthetic auxins)
Pyridine carboxylic Clopyralid
acids Picloram
Triclopyr




(1) #r4]sk & 7% & %1 (Inhibition of photosynthesis at photosystem
) 3 :

RIS FT AT LA S ClL-C2H0C3 5 -

Cl1 4r Triazines #f ( | : Desmetryne ~ Atrazine % ) ; Triazinones
# (4r @ Hexazinone -~ Metribuzin % ) ; Uracils #f (4r : Bromacil

% ) ; Triazolinone #f ; Pyridazinones #f ; Phenyl-carbamates #f °

C2 5 Ureas # ( ] : Monolinuron ~ Ethidimuron - Fenuron -

Tebuthiuron % ) % Amides #f °

C3 7 Benzothiadiazinohe #f (4 : Bentazon % ) Nitriles #f %
Phenyl-pyridazines #§ =
# ¢ Triazines z»ﬁ A gfﬁ Foab g Dl F-v B oaniEE
(QB-binding niche) % * & EETF* o g b gk & (T X
Fg ks (PSIH) ¥ » %3 #@yE4d (electron transport chain) ¢:& {7 »

BRRELRNAZER SR EESF LA LRI T d A ES O

(18,197
o

L

KR L Alank £ 18 frd| J@mmwmmmimmmoéﬁ$$
B REFRBARS T LD R LA TN R ESF AR R
fh o Mg kfE-kAF oA BBz 73 BETk F AT (PST) 2 % - B

+ 4% 4 Qa (PSTI primary electron acceptor) > ¥ & + & & #:L1 PQ
¥ pe (plastoquinone) » £ i » kK F g k5] (PST ) nza§ 3 Bz
kg e o2 s SR AP R XA G DS Wi E A
v 2. Qg (PSII secondary electron acceptor ) + &1 D1 polypeptide 4p % & >
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Mtz 2 TE n BB R T ¥ 2K EFIERL T 20wy o D0

11 iE s (Bentazon) 5 b 0 e E & vf % A E A
& chf 3 hiien, ERK & ¥ e F %480 12 (Degradation )s 7

A E RS € NIRRT 2 B R % o
(2) J‘%ﬁi%%ﬁﬁm?él}{{]@] s L% Kl \Kzﬂfr,K?, .

pe g 25 = #4413 (Microtubule assembly inhibition ) » K1 > 7
Dinitroanilines #f (4r : Oryzalin % ) ; Benzamides #f ( Propyzamide -

Tebutam % ); Pyridines #g ; Phosphoroamidates #f 2 Benzoic acids #f °

R ‘fr‘,?%(% ,B_’%‘« e 4] (Inhibition of mitosis / microtubule

organisation ) » K2 » 5 Carbamates ¢ (%] : Carbetamide ¥ ) o

) & 4875 %5 & 3] (Inhibition of VLCFAs (Inhibition of cell
division) )» K3+ 7 Chloroacetamides #f ; Acetamides #f ; Oxyacetamides

#g ; Tetrazolinones #f 2 H = #f (4r : Dimethachlor ~ Propachlor % ) o

+ 2% 4 Chloroacetamides ép"‘f FA e Bl LFEES
Bwre s B m g4 2 R I HEFES DL L 7 HE
WA PARETHA o EREF COHBAT OB T IEY FAaAT 0 S A

¥4 3L o

(3) # & %47 (synthetic auxins) > O » 3 Phenoxy-carboxylic-acids
f

#f ; Benzoic acids #f ( | : Dicamba ~ Chloramben % ) ; Quinoline
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carboxylic acids #§ ; Pyridine carboxylic acids #f ( Clopyralid ~

£

Picloram ~ Triclopyr % ) 2 H s 5 o

2 £ % (auxins) £.7 ~fEH fmf F2 - » fre % (ethylene) ~ #h
fe (ABA)~ #3 % (GA) %2 e &~ % (cytokinin) + Fo 3 &4t 2

o
EBET o

a8 F % IAA F# 5 (Action like indole acetic acid ) #7{7 5 » & #
4 EFZiEr o plidgd £ apT) f«"r””?' ( Auxin-type herbicides ) ¥_# % 4

P;wf&%iﬂ’ﬂ%%;ﬁ% PEEE S AR E Y AP ISRER

¥egfrtesa °i£%$ﬁﬁ'}“$$€?d,fpiﬁw auxin 4 4 £ & 0%
£ ,—L@%fﬁ‘jﬁfg,gﬁq\lijﬁﬁg_%\( £ 3 A ’i—iifﬁ’—‘f-:}éfiﬁﬁv
hpF 2 E o 2L AFAGFARSRATE . bifp 2 £ 06 ¢ UK

BAAE s Mg e ARIEA N RN A 2 P B g A
BEREY A UEARARE AR S ELHY o B AP R
BF O RCEIFTE RS WANR G o s R § A
FoAH e FREEEOESE S AF TR P o R R e TR L

Ao pgs ok - e Emg o

gyﬁ‘— 513 ACCase m,r.}'}j\ﬁ* ;fz, Tﬁm_; XA
¢z e g lAciE i (ABA) SR A &

PERFOT MEF Y o g S RRERY § i H (HON) 2401 25 4
LR g RS AL AL Eand i A Rarges & o
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(1) 7

% ;% (mode of action )

IFERE A RAY A IS SERTE

(2) i¥%* #+] (mechanism of action )
TR

S ZABRAAApRPEEd
(3) i¥* =% (site of action) :

RN YR SN R TN LI
" e AR o

2.1.3 f XA ¥ o3 90 ( Phytoetoxicity )

nE3

%S Y PR Rt Lo AR 2 vy i 7 R R R
QR A - Bkt L - RN

A4 e [fmPe N 0 R
(targetsite))» m P & % 3§ %#ﬁ%%f%ﬁ?llﬁ B ATR 2.4 18 4 L {E%

,

g|l )

TR AR e S A

n & %% (thylakoid membrane ) } &1 DI
protein> % 3F 5 PS MArd| &2 B &8 > €8 MK EIF* T3

v B o
PRFA S BBt fasldciBg (T BRI 0 B g TR AR
ARSI R E > ol £

E % e K8 (receptor) 7 ¥
=B o —»‘ l_E__ ﬁ;_g'_rrxﬂ

P 5 ok A
£ &4 $ 5 8% (bioactivation) 4 £ F {5~
e Pl kR T A R A2 G 4
e ester form PR &

¢10,.- » MCPA §r 2,4-D

g 5B P-oxidation {8 € R N & 4 S
acid form > F $% A L f A

L 3 n

L

B B

B A fez 3% (aryloxyphenoxypropionates )
A3 i S BRAEVHMEOE T &%

EH AL A pEl e
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. (32)

ffié#ﬁwuﬁﬁﬁ#iéé%%ﬁﬁéfﬁ%’&@%f?*’ﬁ
ERE

i

(1) Frglimre o H &5 5B @ @2 & 8258 5P
R E A2 e e A A Rgh s e Y

Flde 2,4-D LFrf] 30 F g e 4 s = 3] 8 B ?

o
o

(2) % e é—&/,a\ i s FE A WA D F e BN e Box AT
SR RRREES RS 4T A PR £ T2

& 9% 35 HRE o

(3) T4 £ (epinasty): & $57 %% g2 o T EF4 £ 354
df E R F e AR ek E O R ga I

- 4 5 3% 3 Al Cauxin-like herbicide) ¥ AJIZ{S § H1R.

(4)FEHF v ~0 iv 1 5% & iv* Fr4] 4] (photosynthesis-inhibiting ) -

HF FESHE T F AR o

(5)% ¥ Hm o> — 4 5 ¥ 2 (contact-type ) f A4 diquat ~ paraquat

bromoxynl [it@/ S 1-3 % » d »—’\zmpgn Eﬁ;r‘ﬁﬁ’:’\' .

",fﬁr?ﬂlé‘“ﬁ FATAFE Y EFERES Y ABEY > ERA D L
Ad o lmie it A ke foigiRpa g A s VR 5 Bl P EZFEFY
% i“ 4 (4r glutathione ~ vitamin C ~ vitamin E) 1,%-“,? pdRopl¢gnd
W B R M g e B R A RE S HE LT

i%}_"e_i Iﬁ,@»’ o (32)
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(2) EWAEAEA 5 - BLPFET L2 PR ARRY T HTE

COR S ER L ERES AN S 1 E ST SR E R O

Bldmd ~ B4 $odr ~ B HE AF RPE

A ERER f;é_fh;ff' g d B LEE BRI T 0o 54

14‘-
RS
e
JENTN
|

\ N
e

Yz g Fla $REE e Rl g o BT 2 BT e

B & AR Y & fF (Degradation) i /& 592 3 & $5-k f# (Hydrolysis ) »
-k ¥ 5k & f2 (Photolysis in the water ) » + 3 ¥ & & f& (Photolysis in the soil )
fr4 # 4 2 (Biodegradation in the soil) > 5 # ¥ % 4 f& (Photolysis in the

air ) °

B&EEN KA AP > P 50 KRR IFT L4 RAHFELT
Pl FORRRIEGE R T ORR 0 L R IIE R T ORR e R R L kA
R K s B g RkY (34]) fofapd (35) gL g I
EREASBETHRALSEFE B PRI BGLESTERHAZL L EF

B % (Photosensitizers) #fcs % » 3lA= L A+ 24 L B F i > & i
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CIRA ~BA R LA o LR ETFE N AR o AR
hi (g PE- R FRREG ARG 07 o FI R - RS
Fthend Mol o it RS TIRA L o & hsend i
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BE2Z EPIBGUEERTIES (F8) 250 R A K~
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Fig. 2.3.1 Toxicology data requirement for pesticide registration ''*’

LBERIFIPGRLEFH LI P I PRE%H2L LHER&ER (LCs)
ALgockR (ECs) k| d L] » 3 ME%- L pleF 2
H g3tk (8 3EkfEr ) R AF B P (LCs<0.5mg/L) = &
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f# 4 ¥ £ 3 1+ (Freshwater invertebrate ECsy) - B Z¥-k 4 3 M0 §f4e

T 4

Table 2.3.1 Classification of pesticides in aquatic toxicity "' *’

AR RS AR L ACkRFRZFAEIR

SRRV

LCso (96hr) (mg/1) ECso (48hr) (mg/1)
I =1 =1
LA S| >1-=10 >1-=10
e & 10 >10-=100 >10-=100
M F IV > 100 >100
kK A3 1 g (Rainbow trout) o E it (Bluegil 1) 2@ g (carp) 5 4 o

Aok & #4224 4 0 02 Daphnidae 12k 3 5 4 o

R P SETE R &l Y S SRR St
HFUAFL? L 53 P LRV HEHFREREFHRFATEGTITYT 0 A
green algae ( Selenastrum capricornutum . Scenedesmus subspicatus) &
diatom - diatomophyta ( Navicula accommoda ) - cyanophyta (Oscillatoria
limnetica) % » » B s ¥ L enp B3 st ;070 7 A2 5 b
FHRFNEEAFHL 0 A2 L DAL N ET DF REH o FlE Aot o
124 Julia = Thomas *'' E K ke Fedf S R RS
WREZFREL L EBFPAEF BFER 0 d TR S NRSE P
oA H TR S Lewis PV B MO RS RRE AT HEF R

v

WP o BRI RRT Y WS PR i 2 R e R L

ERAARE PSS TREEFITEL o
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Fig. 2.4.1 The pathway of the interrupted balance in ecosystem
by human's activities "’
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FHAMRB AT L E R SR BapE AL 0 P KBTI
SRANZAFN R AN PFHRIREE AR p AP PR
oo pH B4 A F A FET > - Bt~ ke o AT B K BEken
ARER - EFABAFTLUNEET » RREHI B FTOFIRE TS o
U a R E N R AR AT EF N A N 7 R
Do WA RKMOER o 2 DI RANRATRE AL a0 i

T o E 2 i AR At FEf 0o Bt o 3FER I B H T aha e
AL 5 N eh 2 (U.S.EPA> OECD> ASTM - ISO % ). 7

FRA MR FY RN IS BRFE & DSl
S LRl % B (end-point) F i 0 EAT S & A5 o —dn
AN PRI R L DT EFG TS D e 7R (cell density -
biomass ~ growth rate) ~ iz w244 (total cell volume) ~ ¥ % 2
(chl-a)~EHp $ %% ABA AT £ M AHEL ATP 2 DNA
Eon EHERFEELEFRA G ZOY BT HRAE AR R SRR
ERIFER I HESEE RBAAZZRES Ay AT HRT B

kY

W

K TR B AeRT RO T R E R R % e 2 2 R
L% BRpE > e 4 $ F R (biomass) MBRfEA £ o 73 4 FF
b I = il e z)r* A &P A FcEfo#icpP o & Christensen et al.’® 13z 7
v F 5§ (biomass) R 7 oadrd| 5 2 5 F % Sl H U Sdicho i o ik
Pirmbe fiff 5 it - LEREIPI2ZPE LA ‘E’ PFEARRRL o AR
ERZ P IcEDD 2L F D 2 0 b4 FEE R

el R SRR
TRE > mg 322 WEE P ZRERES VRSB
£ =

\“‘kﬂ

4.¢

B4 adFenip Bl it o bR F R RS B S ARER -~ ERIFRRES
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e B_g @SN sk g B TR i B TR Ar g T
TR SREARY drd a g A3 ER L OREL o 3R R F A a2 B
B E F Y- BE AN k% (Open System)#t 2b3% > B B avigsk T B oo

~ RN 2 AT A R B R R I F W 2 X R
R BAR(CO,)- L IF I B3 FER LEERRY PR L2 BT 2%
SLBARY BB A RS R H A TR A L B E R e e

“t% R o b4 Hodaetal. ™ av@ sk ¥ U I BT BTG ¥ ARGHIE
IR E o R L BN Mgk vy FF 2RI REFF M
# > m Hexazinone &¥_/*t 33 Vim% SR SR AT IS Sl A

DAY B E PR ARSI T hd P R UK o TP A4

N

4 o mFE D Bkt 23 headspace (R Bk i

$ headspace % FF 5% e MERL IR < UL B b A BT A R
L0063 Halling-Sorensen-et al. M 1996 & Bt T e E ¢ 0 #-250ml
SdEAr ¢ 3% BI3ES & Selenastrum capricornutum £ AR 0 T 0K
FELC 0 XRERET A FRREF o R R BN fo BN 7
rengnl iR SR R IEE S 0 F RSk L A8hr AR E L B o
RPN BN g B L £ 1022 % o pteb > Mayeretal. [ e
Vs FWMoARERET > R XBPERE Eapadrd| 3V L 8490 0 FLT F
”

7 headspace —‘F*f s gl FE 1996 B R sk endrd| 5 14% 5 F 3
|

ar
=]

headspace BB R 0 T F P AL 0 BHFH L F T i € F
headspace ¥ > fe-kApE Bl F AT ¢t > R 2 RPN PR HRKIF

RAF 77 ~ EHCO g FRS T g%ﬁ-y(é}p‘_a- a8 B TRt 33 frtE LR

:%@

gt o PO OECD # 23k F BRI G WP P S i
%ifm%%, Cf_uo(()()ﬁ

23



Wi

T b ek B A RILF RS TR € Fl L FE%KF Baolt 2
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RO EFRRP NG ESITEIRR EREA LT XD o A E R
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