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Herbicides / Malherbologie

« Mauvaises herbes »
= flore adventice

INRA f:qpyﬂght.i -F Lunchamp

(B. Chauvel :
Vulpln des champs Veronlque des champs
Alopecurus myosuroides Veronica arvensis L.

Liseron des champs
Convolvulus arvensis L.

e M | 2 - Chiendent rampant
Folle-avoine d'hiver Matricaire inodore Elytrigia repens (L.)
Avena sterilis L.ludoviciana Matricaria perforata

PPP2 — LG - 27.01.11 http://www.inra.fr/Internet/Centres/Dijon/malherbo/phototheque/index.htm



Herbicides / Malherbologie

—=Création d’'un réseau national de suivi des « mauvaises herbes »
3000 relevés, 73 départements, 1995-2001
Base de Données ARAF ( Atlas de Répartition des Adventices en France)

Amaranthus retroflexus L.

Amarante réfléchie

Chenopodium album L.

Mais, Sorgho

Chénopode blanc

Papaver Rhoeas L.

| Mais, Sorgho, Betterave,

Tournesol, Soja

Coquelicot

Galium apatrine L.

Céréales d’hiver, Colza

Gaillet gratteron

Matricaria recutita L.

Céréales d’hiver, Colza,

Matricaire camomille

Mercurialis annua L.

Céréales d’hiver

Mercuriale annuelle

Stellaria media L.

Mais, Sorgho, Tournesol, Soja

Mouron des oiseaux

Fallopia convolvulus L.

Fd .| Céréales d’hiver, Mais et
| Sorgho, Colza

Renouée des oiseaux -
Renouée liseron

Senecio vulgaris L.

Céréales d’hiver, Mais et

4| Sorgho, Tournesol, Soja

Sénecon

PPP2 - LG —27.01.11

Céréales d’hiver, Mais et
Sorgho

http:/lwww.dijon.inra.fr’/hyppa/hyppa-f/hyppa_f.htm




Herbicides / Malherbologie

Orobanche ramosa L.

plante holoparasite épirhize
— Colza, Chanvre textile, Tabac
(Tomates?)

Fiz 3. Corpulifure m viro de colza'Chrabamche romoss. Lo procas-
lme (p) soctant de la graine (£) &'est allongs of son exmamesd " est
difigéa vers lo systéons racizairs lazaral do coles (1) au =zroan de-
qual =st appliqué 1 haustoniuns (Ea). Grossssament © «67

Fiz 6. Dtans les mémes condions de calfare, sizde plus zvance da
|'orchanche - la jsune mubercole (f) 5est développd sor 12 macize
lzirala () do colza () Craine da 'erobanche. (Grossissamess :
@3

PPP2 — LG - 27.01.11 Gibot-Leclerc et al., 2003



Pénétration par les
organes aériens

Conditions

Y

</

Cible métabolique

N\

HERBICIDE

Mode de
Traitement ( Sélectivité ? }

Formulation

Migration dans
la plante?

SOL

/
Pénétration par les racines

( o\ ‘
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Herbicides / Phytotoxicité

http://www.psu.missouri.edu/a
gronx/weeds/herbinjsymptoms
/muhrbinj.html

Inhibition d ’une cible
meétabolique

PPP2 - LG —27.01.11



Les différentes composantes
de I'activité d’un herbicide

onditions
météorologiques
- température

- vent
- pluie

HERBICIDE

Mode de Traitement
(pulvérisation/
taille des gouttes)
Formulation (adjuvants)

SOL
=> texture (sol sableux, ou riche
en argile et en matiére organique
-adsorption, dégradation
microbiologique ou chimique
=>Persistance

- humidité (effet sur la disponibilité
des herbicides et sur la
morphologie des plantes)

PPP2 - LG —27.01.11
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AN

Cible métabolique

| N

4 Sélectivité )
- de position ( herbicides racinaires)
- anatomique ( herbicides foliaires)
-métabolique (détoxication)
- cible

Pénétration par les racines

N

Pénétration par les
organes aériens
- structure des cires épicuticulaires

Migration dans
la plante?
Systémique/
de contact




Relations Sol /Herbicides racinaires

Les différentes formes d’un herbicide dans le sol / Notion de biodisponibilité

Herbicide sous
forme gazeuse

Herbicide peu
disponible

Matiére
organique

Argile

Herbicide ~ """ *" "Herbicide
dissous adsorbé

PPP2 - LG —27.01.11



Relations Sol /Herbicides racinaires

“ Répartition de I’herbicide dans le sol : localisation superficielle (0-5 cm)

Teneur en atrazine (ug/g de sol)

l

Horizon (cm)

4

[J 3 semaines aT

30-50 B 5 moisaT
50-100

100-150

— Répartition de I’atrazine dans le profil d’un limon fin.
aT : apres traitement (d’aprés Deleu e al., 19929).

PPP2 - LG —27.01.11



Relations Sol /Herbicides racinaires

-Importance de la texture du sol : efficacité herbicide réduite dans sols riches en argile
et en matieres organiques

- Importance du taux d’humidité Effet sur la morphologie des plantes

Dose efficace (kg/ha)

1,00 4

0,75 4 Simazine

0,504 Atrazine

0,25 1
0,00 1 T T
5 10 15 20
Teneur en eau (%)
A B
Efficacité herbicide meilleure Figure 16, — Morphologie du systéme racinaire du vulpin en fonction de la teneur en

sol. A, 50 % de la CRC ; B, 4 jours aprés le retour 4 100 % de la CRC (d’aprés Blair, |

en sol humide

PPP2 - LG —27.01.11



Relations Sol /Herbicides racinaires

-Sélectivité de position (herbicides racinaires) : due au positionnement
relatif des racines de la plante de culture et de la plante adventice dans le sol,

qui seront en contact ou non avec I’herbicide

T 7 7 % = 4 v —='1"-':-r_- =

L B - b - F %N
« sten -\n-‘l\;i-|"2:1“‘ :
: LTS
Herbicide ~\ =

Ll
*
l‘hlI-- I == AR R
-
-

Contact
Racines/herbicide '

| 1
W
.IJ-‘- -

- 1 Il'\‘ . I b L]
I = Vg agn 1
* s 2 . £ s & "‘ ;

b % " n} - LY I‘
Phytotoxiciteé |, - .
- | . § 1
Mauvaise herbe '

" ’
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Relations Sol /Herbicides racinaires

-Parametres qui affectent I’action d’un herbicide racinaire

% qualité du sol

©

|

Y pluviométrie

PPP2 - LG —27.01.11



Herbicides foliaires

-Sélectivité anatomique (herbicides foliaires) : existence a la surface des feuilles d’une
structure hydrophobe plus ou moins épaisse : la cuticule

Cires épicuticulaires

Ll : LTIy o
Ui [ /lilmlmllll‘ 0

PPP2 - LG —27.01.11



Herbicides foliaires

-Parameétres qui affectent I’action d’un herbicide foliaire

Yimportance de
I’age de la plante

“importance de la
pilosité de la feuille

Limportance des
conditions météo

PPP2 - LG —27.01.11

Gouttelette
contenant —
I'herbicide
Cuticule —
Paroi —
Epiderme — ] s
Cuticule de plante dgée:
faible pénétration
Feuille glabre : Forte pilosité :
tendance au lessivage faible pénétration

= Temps poussant » :

fration cuticulair

Temps sec :
pénetration cuticulaire faible




Herbicide Resistance Action Committee

Weed Scien

x Classification of herbicides FAWSSA
NS
~oso.  (Cf Autre systeme de classification WSSA "Weed Science Society of America »)
HR AT phttp:/iwww.plantprotection.org/HRAC/ http://lwww.wssa.net/
A (1) / Inhibition ACCase H (10) / Inhibition Glutamine Synthase
B (2) / Inhibition ALS ( AHAS) | (18) / inhibition of Dihydroptéorate (DHP)
synthase
C1 (5), C2 (7), C3 (6) / inhibition PSII K1 (3), K2 (23),K3 (15) / inhibition
( prot. D1) divisions cellulaires (microtubules,
VLCFA)
D (22) / capture électrons PSI L (20, 21,26) / inhibition synthése paroi

cellulaire (cellulose)

E (14) / inhibition Protox M (24) / agents découplants (disruption
membranaire)

F1 (12) / inhibition Phytoéne désaturase N (8, 26) / inhibition synthése lipides ( sauf

(PDS) ACCase)
F2 (27) / inhibition HPPD O (4) / herbicides auxiniques
P (19) / inhibition transport auxine
G (9) / inhibition EPSP Synthase R,S,Z (17, 25 a 27) /| mode d’action
inconnu

PPP2 - LG —27.01.11



Herbicides / Photosynthese

Light

H20 ——v Photophosphorylation
@
/ T e I ¥ T \ \

ADF NADP+ -

//

Calvin-Benson \|

cycle .“'

Stroma

Thylakoid
Granum

(stack of
thylakoids)

Intermembrane
space

Inher
membrane

R i Sugar

Outer

membrane




Herbicides / Photosynthese

SUgars co n/photointro.html

carban fcalion

ATP

bighat
L | MADPH
NADP ATPase
H-l-
' 8 thylakoid
; reemibrane
chioropind il
-y
PSIl / 'TI ::r O — psi .
wWaler -=.‘J:1+ - H :

Triazines
Phénylurées

0 R
n 73
R4 NH=C=N
\CH3
R2
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Triazines Urées Diquat
NADP*

r

Ferredoxine

;1 ‘\PO Cyt b, *
PSII T g;QH}\ A | PSI
_Ur/} lo;]:tf

C. Regnault-Roger (2005)
Enjeux phytosanitaires pour I’agriculture et I’environnement

Eds Tec & Doc, ISBN 2-7430-0735-0
PPP2 - LG - 27.01.11



Herbicides / Photosynthese

H

H LT
Gl N N—CH,—CH | . \
™ .-"F.f H\”/ ? ? CIE{H H_CHE_CHg HQE_EI'“M J___,RJHH EN_ﬁ_CHE
L) T o
S _ N Ma M ’
Atrazine i i
N Simazine Terbutryn
P B
H CH—CH o
3 H CHy—CHg H’fHE"CHg—CHa
CH
i Herbicides inhibiteurs PSII :
Triazines et urées substituées
! 1 9 1 ) 1
| / [ [
JRey - A CH —N"”C“M Cl
CHy—N ™ 3 CH, ©CHy—N [+ 1 3 | |
N/ | ol
TH, H CH, H -
CH,
] Linuron
Chlortoluron Diuron ( DCMU)
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Herbicides / Photosynthese

Cible Atrazine = protéine D1, 32kD (thylakoides)

NN
ubs_tra_tiphysiologique \\\\‘\\\\ SER. 284

£ =5

mhd?ﬁ‘ .
215 |
[ f :

+ Atrazine
=> Inhibition compétitive

e

PPP2 - LG —27.01.11



Herbicides / Photosynthese

Herbicides accepteurs d’électrons photosynthétiques :
bipyridyles

PQ’ xq
2% o
- JFPG ok

Photosysteme |

S — ' Photosysteme ||
CH,—MNT NE—CH
N AT I,

Paraquat H 20
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Etude de cas : Atrazine / Gronwald et al., 1989

D
£ o0 -
<8 4
i ? -
L. o RESISTANT
2 © SUSCEPTIBLE
- - - -
T
g o .
; o 0 il e P S . e S T N S iy - V. o S R P e --—u.:- - q-n—ﬁm{
% [lm-ﬂ.ﬂlﬂﬂ {l“-uﬂl?
0 w0} .
B !
b=
% 20 = .
L; i
o 197 T 10-8

ATRAZINE CONCENTRATION (M)

Fic. 1. Growth response of shoot tissue of susceptible and resistant A. theophrasti blotypes grown

b the presence of atrazine. I« values (in parentheses) represent the atrazine concentration required
to reduce shoot fresh welght by 50%. Values represent the mearnt £ SE (n = 16). SE provided when
‘arger than data point, Shoot fresh weights of the untreated resistant and blotypes at the
‘ermination af the experiment where 13.2 % 0.6 (SE) and 20.0 £ 1.3 g, respectively.

PPP2 - LG —27.01.11
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Résistance Atrazine / Gronwald ef al., 1989

100

.

#s

» RESISTANT

© SUSCEPTIBLE

5, S= 0,3 uM

croissance

4 |1, R=3uM
. '_* T

' 2
= - o . T W e ) g -

SHCOOT FRESH WEMAHT (% of contral)

[lm-ﬂ.ﬂﬂlﬂ
of FT=10
g
m =
.
_____"_.r {
0 ! - 18 10-8

ATRAZINE CONCENTRATION (M)

Fi6. 1. Growth response of shoot tissue of susceptible and resistant A. theophrasti biotypes grown
n the presence of atrazine. I« values (in parentheses) represent the atrazine concentration required
to reduce shoot fresh welght by 50%. Valsies represent the mean + SE (n = 16). SK provided when
‘arger than data point, Shoot fresh welghts of the untreated resistant and biotypes at the
‘ermination of the experiment where 13.2 % 0.6 (SE) and 200 £ 1.3 g, respectively.

'
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Atrazine / mesure activité in vitro

Feuilles - .1}_” :H\ f: 0 = HO >7 — -. —(JH
I
T._ﬁ A—¥ .FI o
il

i&

Chloroplastes

DCPIP Tampon
Phosphate/
0,5 mM saccharose
0,5 ml 0,5 ml 3 ml
Concentration i i i i i i

en Atrazine (uM)

Lumiére
10 minutes

obscurité

PPP2 - LG —27.01.11



Atrazine /| mesure activité in vitro

Concentration i i i i i
0 0,05 0,1 0,2 0,5

en Atrazine (uM)

Lumiére
10 minutes

LI

DO 600nm

0 0,15 0,33 0,56 0,7

PPP2 - LG —27.01.11

[ obscurité }

0,8




Résistance Atrazine / Gronwald ef al., 1989

RATE OF DCPFIP REDUCTION
{% of control)

& i i X 1
T T 108 10°3

ATRAZINE CONCENTRATION (M)

Fic. 2. Effect of atrazine on DCPLP in chioroplast thylakolds isolated from atrazine-
mﬁﬂn:ﬁ and susceptible biotypes. The ﬂm reguired to reduce ﬂuf;:u#ﬂﬂﬁm

: ;mhmu#mﬂ.rawmwwmmmmmw
iotypes. - :
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Résistance Atrazine / Gronwald ef al., 1989

-

F

s, S=1,, R=0,18 uM

Activité

cible Pas de tolérance

de la cible (prot.D1)

RATE OF DCPFIP REDUCTION
{% of control)

L i 1 :
108 s v T g8 10°3

ATRAZINE CONCENTRATION (M)

Fic. 2. Effect of atrazine on DCPLP in chioroplast rplakoids isolated from atragine-
mﬁﬂnfﬁdndmﬂﬂcjﬂﬁﬂrﬂam.m concentration required to mmﬁfﬁrnﬂm
- ;mamugmﬂ.rawmwmmmmmw
iofypes. - !
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Résistance Atrazine / Gronwald ef al., 1989

N O N

S
it . butifon theophrasti Biotype 0, 1, 6, and 24 hr
hvﬂ#ﬂhﬁmm&ﬂﬁﬂm&hth?&hﬂ!ﬁmm’mw&d pe i, I, 8, a
after Pretreatment with [MCldiratine
Incubation period (hr}* 1
4] 1 6 4
Tissue Atrazine GS-Atrazine Alrazine _ﬂs-mimha Alrazine GS-Atrazine .~ Atrazine G8-Atrazine
: nmolig fresh wt*
Leaf 15.6 £ 34 38z LI 138+23 6318 29+ 2.1 B6x 19 1313 B4 1.2
Stem nNSxis 1603 11.1 = 0.5 2B+ 04 50 0.4 2302 3603 23+01
Rool 17.6 £ 0.6 0.9 0.2 iix0l 0.7+ 0.1 2.2 % 0.1 0601 1.6 0.1 0.4 =01
Total 55.7 5.9 28.0 9.8 =20.1 11.5 i7.0 1.1
Percentage of total
radiolabel 23 .
GS-atrazine 9.6 . 259 ' 354 39.5

= 3-hr pretreaiment with 30 Wllatrazine, See Materials and Methods for details,
'mwmmtﬂgthmumm = 7). The mesn &uhwn@lﬁfhﬂ.mmmduﬂnnpﬂah and cotyledons), and root tissue
was 0,58, 0.29, and 0.32 g, respectively.
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Résistance Atrazine / Gronwald ef al., 1989

N O N

S
it . butifon theophrasti Biotype 0, 1, 6, and 24 hr
hvﬂ#ﬂhﬁmm&ﬂﬁﬂm&hth?&hﬂ!ﬁmm’mw&d pe i, I, 8, a
after Pretreatment with [MCldiratine
Incubation period (hr}* 1
4] 1 6 4
Tissue Atrazine GS-Atrazine Alrazine _ﬂs-mimha Alrazine GS-Atrazine .~ Atrazine G8-Atrazine
: nmolig fresh wt*
Leaf 15.6 + 34 38z LI 138+23 6318 29+ 2.1 B6x 19 1313 B4 1.2
Stem nNSxis 1603 11.1 = 0.5 2B+ 04 50 0.4 2302 3603 23+01
Rool 17.6 £ 0.6 0.9 0.2 iix0l 0.7+ 0.1 2.2 % 0.1 0601 1.6 0.1 0.4 =01
Total 55.7 5.9 28.0 9.8 =20.1 11.5 i7.0 1.1
Percentage of total
radiolabel 23 "
GS-atrazine 9.6 . 259 ' 354 39.5
* After 3-hr pretreaiment with 30 pbf [ See Meiciials and Methods lor detaily.

* Valuet represent ths mean + SB for thres experiments (1 = 7). The mesa fresh weight of leaf, stem (including petiole and cotyledons), and root tissue
was 0,58, 0,29, and 0.32 g, respectively.
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Résistance Atrazine / Gronwald ef al., 1989

TABLE 2
R Levels of Atratine and G5-Atrazine in Various Tissuer of the Reslstant Abutlion theophrast! Blotype 0, 1, 6, and M kr
after Pretreatment with [“ClAtrezine i
';_'-'ﬁ : C Incubation period (hr)*
_ 0 "o i & . 24
Tissus Atrazine ~  GS-Atrazine Alrazine (O8-Alrazine Atrazine 08-Atrazine Atrazine G5-Atrazine
- ' nmol/g fresh wi* e
Leaf 5912 82+23 5706 9214 6609 9.1£10 . T1zx13 10,3 = 1.3
Stem 169 % 14 Box1e 8611 159 £ 1.2 9.6%13 d59% 14 83+13 . 113212
Root 13011 1402 33z 05 1.32_0-2 1802 1404 1.3 0.1 1.2 £ 0,1
Total | 40.8 4.6 17,6 “264 18.0 26.4 17,7 22.8
Pescontage of total - )
radiotabel us B —
(5-atrazine 318 = 60,0 ' 5.5 56.3

uﬂnuupmmwahm whmml:mmmmm
'mwmmtsamm experiments {n = 7). The mean fresh weight dhﬂ.mmﬂmhd[n;pﬁh!ummlmm}, and root
tissue was 0.54, 0.28, and 0.27 g, respectively,

PPP2 - LG —27.01.11



Résistance Atrazine / Gronwald ef al., 1989

TABLE 2
R Levels of Atratine and G5-Atrazine in Various Tissuer of the Reslstant Abutlion theophrast! Blotype 0, 1, 6, and M kr
after Pretreatment with [“ClAtrezine i
';_'-'ﬁ : C Incubation period (hr)*
_ 0 "o i & . 24
Tissus Atrazine ~  GS-Atrazine Alrazine (O8-Alrazine Atrazine 08-Atrazine Atrazine G5-Atrazine
: ' nmol/g fresh wi* e
Leaf 59412 82+23 5706 9214 6609 9.1£10 . T1zx13 10,3 = 1.3
Stem 169 % 14 Box1e 8611 159 £ 1.2 9.6%13 d59% 14 83+13 . 113212
Root 13011 1402 33z 05 1.32_0-2 1802 1404 1.3 0.1 1.2 £ 0,1
Total | 40.8 4.6 17,6 “264 18.0 26.4 17,7 22.8
Pescontage of total -
radiotabel us N =
(5-atrazine 318 = 60,0 ' 5.5 56.3

uﬂnuupmmwahm MSHMIH!MWMIMM
'mwmmtsamm experiments {n = 7). The mean fresh weight dhﬂ.mmﬂmhd[n;pﬁh!ummlmm}, and root
tissue was 0.54, 0.28, and 0.27 g, respectively,

Capacité de détoxication accrue ( complexes- GSH) dans plantes résistantes

PPP2 - LG —27.01.11



Résistance Atrazine ™ v e ioneney

A Serine-to-Threonine Substitution in the Triazine
Herbicide-Binding Protein in Potato Cells Results in
Atrazine Resistance without Impairing Productivity’

Reid J. Smeda®, Paul M. Hasegawa, Peter B. Goldsbrough, Narendra K. Singh?, and Stephen C. Weller*
Department of Horticulture, Purdue University, West Lafayette, Indiana 47907 -1165

o, wt = 0,6 uM
., R =100 uM

0 L O Wid type
ap b '@ Variont

RELATIVE OXYGEM EVOLUTION
i
L=

0.0 .1 1.0 10.0 1000

Facteur de tolérance = 167

[ATRAZINE] (M)
Figure 2. Atrazine inhibition of photosynthetic electron transport
in wild-type and variant potato cells. The rate of electron transport
was measured within 90 s of herbicide addition. Each point is the
mean of four observations, and vertical bars represent the si. Rates
of oxygen evolution for wild-type and variant cells in medium
lacking atrazine were 126.6 and 141.1 gmaol of Oy mg™" af Chl h™',
respectively.
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Résistance Atrazine / Smeda et al., 1993

Bk F AR
e :
VARIANT /A oin 207) 0in &' WILD TYPE Thr

¢ A A
.; T = %
YA Ty (e Ty A

1 1

a L

= Em s
© Tuc (384) S & p— \\ 8

T Pha (M5 Pha T

E E i

A Asn (268) Asn A H PHE 258 = TR | :
C C — — E N S
& A s -..é“’ ]

% : -
1 £ | N

C Ser (258) S C | N AL
i . : :
g N \ B \ at
G Arg (D9) Arg G 15
T T \\\\\ . ; l Y/ :
Figure 6. Autoradiogram of pshA DNA-sequencing gels for wild-
tvpe and variant cells. The only site for divergence was at the amino
acid Ser at position 264 where a G residue was substituted by a C

residue, This observation was confirmed by sequencing four unique
plasmid target ctDMNA inserts.
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Résistance Atrazine - Bilan I, / cible

A. theophrasti Sensible l;0=0,18 uM
Résistant l50= 0,18 M Détoxication
(GST)
S. tuberosum Sensible l50= 0,6 uM
Résistant l50 =100 pM Cible ( Prot.D1)
Epinard Sensible l50=0,2- 0,3 uM
Mais Résistant l50= 0,3 uM Détoxication
(GST)

PPP2 - LG —27.01.11
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Résistance Atrazine
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Herbicide Resistance Action Committee

Nl Classification of herbicides FAWSSA
3“’, (Cf Autre systéme de classification WSSA "Weed Science Society of America »)
HR AT phttp:/iwww.plantprotection.org/HRAC/ http://lwww.wssa.net/
A (1) / Inhibition ACCase H (10) / Inhibition Glutamine Synthase
B (2) / Inhibition ALS ( AHAS) | (18) / inhibition of Dihydroptéorate (DHP)
synthase
C1 (5), C2 (7), C3 (6) / inhibition PSII K1 (3), K2 (23),K3 (15) / inhibition
( prot. D1) divisions cellulaires (microtubules,
VLCFA)
D (22) / capture électrons PSI L (20, 21,26) / inhibition synthése paroi

cellulaire (cellulose)

E (14) / inhibition Protox M (24) / agents découplants (disruption
membranaire)

F1 (12) / inhibition Phytoéne désaturase N (8, 26) / inhibition synthése lipides ( sauf

(PDS) ACCase)
F2 (27) / inhibition HPPD O (4) / herbicides auxiniques
P (19) / inhibition transport auxine
G (9) / inhibition EPSP Synthase R,S,Z (17, 25 a 27) /| mode d’action
inconnu

PPP2 - LG —27.01.11



Herbicides / Pigments chloroplastiques
Geranyigeranyl I I I crgorp

diphosphate l

Shyicend] ~ EEEEE) HPPD
synthase 4 hydroxyphényl

pyruvate
Phytoene WMW:—/ dioxygénase

B | | 500 -
desaturase " Plastoquinone

C-Carotene

(-Carotene
desaturase

Lycopens M‘t‘ﬁvlﬁ/“* e ya@rﬁﬁﬁar

e Cyclase B-Cyclase
B Cyclase

a-Carotene - ' l p-Carotens
(provitamin A)

PPP2 - LG - 27.01.11 Guliano et al., 2000


Thomas DI PASCOLI
Cycle la plus ancienne des herbicides qui intervient dans la désaturation des précurseurs des carotenoides. 

Thomas DI PASCOLI
Nouveaux herbicides qui inhibent indirectement la phytoène désaturase en inhibant cofacteur.


Herbicides / Pigments chloroplastiques

Pyridazinones _
caroténoides

.-"‘_H- F

1 - | F-. ;’F
w F—C—F C
»
W’ . f j
M-
cH, ¢t Metflurazon /Ef Nl

; )m r::fD
e \( " N/ N
Cl -

H

Norflurazon

=>Phytoéne
désaturase

Diflufenican
(anilide)
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Thomas DI PASCOLI
Proherbicide.

Thomas DI PASCOLI
Herbicide issue du proherbicide. 


Herbicides / Pigments chloroplastiques

PESTICIDE BIOCHEMISTRY AMD PHYSIOLOGY 52, 1344 {1995)

Herbicides inhibiteurs
de la synthése des caroténoides

Substituted Tetrahydropyrimidinones: A New Herbicidal Class of
Compounds Inducing Chlorosis by Inhibition of
Phytoene Desaturation
1. Biological and Biochemical Results®

PETER BABCZINSKI, GERHARD SANDMANN.,* ROBERT R. SCHMIDT, K0zZ0 SHIOKAWA 1
AND Kazuomi Yasurt

TABLE 3
Carotenoid Composition of Anacystis as Influenced by Compound 1

(e mg " dry wi)

Compound 1 Zeaxanthin GFCryptoxanthin F-Carotene Phytoens
Absent (control) .11 .13 2.79 0.00
S 0"FM 2.06 .09 249 0.50
1o~ M 1.68 0.06 .42 0.78
2x 10T M 0.65 .05 (.99 1.16

PPP2 - LG — 27.01.11 Babzynski et al., 1995




Herbicides / Pigments chloroplastiques

I [ 1 ]
3000 .
£
& i
o
> 2000 ~
=
5 _
o
o
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i
[l
A al
0 0.5 1

NTN 28621 (uM)

Fic. 4. In vitro formation of phvtoene and B-
carotene from ['*Clgeranylgeranyl pyrophosphate by
Anacvstis membranes. fncubations as described un-
der Materials and Merthods in the presence of thvla-
koids equivalent 1o 120 wg chlorophvll (2 hr) and var-
iows concentrations of compound 1. @, Phvioene, A,
B-carotene. NTN 28621 = cpd. 1.

PPP2 - LG — 27.01.11 Babzynski et al., 1995



Herbicides / Pigments chloroplastiques

=> Herbicides blanchissants ( « bleaching herbicides »)

Whit —_— s
e ale green reen .
(W, 7cm) (PG, Tcm) (G, 7cm) Kim et al, 2004

Fig. I. White/gresn-mixed tissue of the 3rd leal induced by a drenching treatment {100 ml per 350 cm®) of 26,6 pM furidone at the 40%
growth of the 3rd leal of com. G, Green part, PG, pale green part; W, while part

Table |

FPhotosynthetic pigment contents in each part of white/gresn
mixed com leal induced by a drenching treatment of Qundone
on the soil surface

Leal  Photosvathetic pigments (peg resh weight )
part Total chlorophvlls (4)  Carotenods (8)  A/B

3 323654 3B 461.3+12.6 7.02
s MEI+67.R [439 4+£9.5 6.640
W IBE54+2.6 26402 7.16

PPP2 - LG —27.01.11



Herbicides / Pigments chloroplastiques

Herbicides inhibiteurs de la synthése des caroténoides

Métabolisation =@ Activation
Proherbicide = Herbicide

O S50:Me O O S0,Me LF' SsMe
J\ More rapid in corn /L
-~ R S Slow in susceptible species HO S
| | — H'* / | ——————————————— - - |
N.. o v CN S N
'{:F Y = CFEI EF:} ~F [::F__j
".,l'-l-
isoxaflutole diketonitrile
( cyclopropylisoxazoles) = HPPD
) il"lﬁ MO,
)J\ PN
- o J\ I\ /‘L J"D
e 03 \“x“.f’ E“SH
q TCHy
Mésotrione :

PPP2 - LG — 27.01.11 (benzoylcyclohexanedione)


Thomas DI PASCOLI
Molecule issue de plante.


Carotenoid Plastogquinone

Biosynthetic Biosynthetic
Pathway Pathway
OM 4 snxafluloele
1
HO. o~
Acetate | I' l |
5 p— ' Y THGH
! HPFD
i ]
¥ r‘ M COOH
Mavalonic COOH COOH Hamogentisic
'ﬂ'::'d Tyrosine iy rjm.t_].rphn_ny'l- -
; pyruvic aeid
o onaprenoid o e g MNonaprenoid -
Pyrophosphate Pyrophosphate
Prephytoene "‘v}"L‘H r"’k GOy
Pyraphosphate ! = hie -
Fhytoene ﬂffw_th | “H
Synthasg O AH §
¥
il Demethylplasteguinal -9
Phyloene Plaztoquinal-9 i q
Fhpdoena
Degabure :
eaaturase L'\,_, g e &
L
Phytofluene 0
: :ﬂ |
Lycopene ™ d
I of
Lycopene | C
Cyclage ! Flastoquinona-a
Carolenaids

FIC. 6. The misgration of the carotencd and plastoquinons biosynthetic pathways.
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o - tocophérol

Pallett et al. (1998)




Herbicides / Pigments chloroplastiques

Pest Management Science Pest Manag Sci 57:120-128 (2001)

Mesotrione: a new selective herbicide for use
in maizet
Glynn Mitchell,"* David W Bartlett,’ Torquil EM Fraser,’ Tim R Hawkes,’

David C Holt,' Jane K Townson' and Rex A Wichert

' Zeneca Agrochemicals, Jealott's Hill Infernational Research Cenire, Bracknell, Berkshire RG42 6ET, UK
2 Zeneca Ag Products, Westemn Research Center, 1200 South 47th Sireet, Richmond, CA 94504, USA

-1977 : Callistemon citrinus (Myrtacées) => leptospermone

-1980 => Brevet sur potentiel herbicide

-1982 => nouvelle classe d’herbicides:
Les benzoylcyclohexanediones

Q o Cl

PPP2 - LG - 27.01.11 Mésotrione ( R1=R2=H) SO,CH,



Herbicides / Pigments chloroplastiques
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I 1 I
ZEANX SETFA CHEAL IPOHE
Figure 7. Uptake of radiolabelled mesctrione into 2ingle treated leaf of Zea
mays (ZEAMX), Sefaria faben (SETFA), Chenopodium aibum (CHEAL),
and lpomoea hederacea (IPOHE). Zi=1h, []=6h, l=24h.

PPP2 - LG - 27.01.11 Mitchell et al., 2001


Thomas DI PASCOLI
La mésotrione est un herbicide foliaire pour différentes plantes, le maïs est résistante. Il n'absorbe pas beaucoup cet herbicide.


Herbicides / Pigments chloroplastiques

0.3
025 -
F 0.2 -
2
- § 015 -
g 01-
005
000 pg  GoODOE gy
0
CHEAL 'AMARE ' IPOHE = SETVI 'EGHCG = DIGSA = ZEAMX
Figure 8. Differential metabolizm of mesctrions in maize (ZEAMX) and the
weed species Chenopadium album (CHEAL), Amaranthus refroflexus
(AMARE), lpomoea hederaceasa (IPOHE), Setaria viridis (SETVI),
Echinochioa crus-galll (ECHCG) and Digitana sanguinalis (DIGSA).
Recoveries fram whole shoots treated with "*C-mesotrions 7 days after
application.

PPP2 - LG - 27.01.11 Mitchell et al., 2001


Thomas DI PASCOLI
Le maïs est capable de la détoxiquer et le % d'absorption est faible. 


Herbicides / Pigments chloroplastiques

http://www.syngenta-agro.fr/synweb/galerie/Documents/Notice/CALLISTO.pdf

PPP2 - LG —27.01.11



TD Isoxaflutole / Pallett et al. (1998)

FESTICIDE BIOCHEMISTEY AND FHYSIOLOGY 62, 113-124 (1998)
ARTICLE NO. PERB2378

The Mode of Action of |soxaflutole

l. Physiological Effects, Metabolism, and Selectivity

E. E. Pallett, J. P. Lattle, M. Sheekey, and P. Veerasekaran

FPlanr Science Rezearch Deparmment, Rh.:?ze—.F'auIsr:.: Agriculrure Limited, Fyfield Road Owngar,
Erzex, CM5 OBV, Unired Kingdom

PPP2 - LG —27.01.11



Isoxaflutole / Pallett et al. (1998)

TABLE ]

The Recovery of Isoxaflutole m Com and 4. theoplrasti Following Treatment of Foots to ["“C]Isoxaflutole
(0.5 pg ml™") in Hydroponie Madivm

4 extracted % Isoxaflutole
-1 o
Treatment (pz g equvalent detected
pertad MNutrient
Spacies () Foots shoots mednm Roots Shoots
Com 3 0.31 0.58 g 43 -
B 0.22 1.08 93 34 2
1z 0.21 226 a3 21 0
24 0.18 306 B7 G 0
A theophrasti 3 0.23 ! 100 63 19
- 6 0.27 1.12 a4 51 7
1z 0.26 278 83 32 2
24 0.22 334 81 14 0

“ For each extraction, mine plants from three replicates were combmed and "C from shoots and roots was extracted
separately. The results are expressed as muerogram equivalent of 1soxaflutole per gram fresh wt of tissue (113,240 dpm
15 equavalentto 1 pz of isoxaflutele). Isoxaflutole 1n the extracts was separated by radio-TLL and identified by cochromatogra-

phiv with the authentic standard.
il 14C Isoxaflutole

Plaque de polystyréne
extrudé

7

Bullage d’air assuré par des tuyaux

PPP2 - LG —27.01.11

Planche 1: Photo et schéma de Datura innoxia cultivés en hydroponie en bac PVC (Serres ENSAIA, Juin 2005)


Thomas DI PASCOLI
Plantes qui était devenue résistante à l'atrazine. 


Isoxaflutole / Pallett et al. (1998) Herbicide racinaire

TABLE 1
The Fecovery of Isoxaflutole in Com and 4. theophrasti Following [Treatment of Foots fo ['%C]lsoxaflutcle
(0.5 pz ml™") m Hydropome Madium

4C extracted” % Isoxaflutole
=1% — 4
Treatment TES-a) equivalent detected
pertod Mutnent
Spacies (h) Foots Shoots medmm Foots Shoots
Corm 3 0.31 0.58 oG 43 4
= plante résistante (R) ¢ 0.22 L.0% 28 34 -
12 0.21 276 93 21 0
24 0.18 3 =94,4% “C 87 g 0
A theophrassi 3 0.25 061 100 63 19
. 6 0.27 112 84 51 7
= plante sensible (S) ;, 0.26 278 22 1 2
24 0.22 3 293,89 14c 81 / 14 0

“ For each extraction, nine plants from three replicktes were combmed and M
separately. The results are expressed as mucrogiam equvalent of 1soxaflutol
1z equavalentto | pzof soxaflutele). Isocaflutole 1n the eftracts was separat

phy with the authentic standard.

14C Isoxaflutole

-Pas de différence entre Ret S

-Herbicide systémique ascendant (xyleme)
=> Accumulation dans les parties aériennes
—=Cible probable dans chloroplastes

Plaque de polystyréne
extrudé

-L’isoxaflutole est rapidement métabolisé
apres absorption racinaire

7

Bullage d’air assuré par des tuyaux

PPP2 - LG —27.01.11

Planche 1: Photo et schéma de Datura innoxia cultivés en hydroponie en bac PVC (Serres ENSAIA, Juin 2005)



Isoxaflutole / Pallett et al. (1998)

200 Root 4
Extract T T:EM*‘-
N ]:' \“ J\ N
> e 3 21 "._ H“; GFy
100
lsoxailutcle
I
a TLC
Intensity of O - | LC-MS
radioactivity 150
Y Shoot 0O 0O 50:Me
Extraci H AL
- > 3 _-"'
100 * cN L
:f-“ ~ " CF,
Fii
| fxﬁy,»i diketonitrile
) |
o 'Ki |
o |
/( ) i B
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:»] i : I ‘I.F:l = - 4 .
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millirmeters

FIG.1. Fadwactivity ttaces of thin-laver clromatographic separations of [ Jisoxafhutole and its metabolites
formed 1 oot and shoots of corm seedlmgs (ov. P2394) following a 3-h treztment of rocts to [phemid-U-
4 Jisoxaffutole (0.5 pe ml ~") in hyvdroponic medium. Root and shoot extracts were separated by TLC with
solvent svstem A The TLC plates were analyzed wsmg phosphormzazing. The intensity of radicactive peaks
15 measurad as photostmmlated lummescence (P31 which 15 in proportion to the mfensity of radioactinty
measured as dpm wsmg LS50 counting. Peak 1, 1soxathuiols; peak 2, diketomtiile; peak 3, benzoie acid

PPP2 - LG —27.01.11


Thomas DI PASCOLI
L'isoxaflutole est métabolisé, on ne peut pas encore parler de détoxiquer. 


Isoxaflutole / Pallett et al. (1998)
TABLE 2

Identity of "C-Labeled Products i the Shoot Extracts of Com, Joomoea spp., and 4. theophrasti Following a
1-Day Exposure of Roots to [pheml- U -14C] Isoxaflutole (56,620 dpm ml™' Equivalent to 0.5 pz ml™")
wa the Hydropome Medmm
Com | R Ipomoea sp| RS A. theophrasti| S
1 day 1 + & days* 1 day 1 + & days 1 day 1 + 6 days

45C extracted®
% Total ¥C in shoot tissue o5 87 92 g5 o4 al
ng equivalent 2 shoot 3.45 .03 247 221 1.32 162
%% Dhstmbution of metabelites i shoots
- Diketenitrile 80 29 77 57 89 82
Benzoic acid 13 59 12 31 0 12
Unidentified 7 12 11 12 11 6

“ After a ]1-dav exposure peniod the roots were wansfenred to fresh untreated medivm and the plants were zrovwn for a
further & davs peniod.

# Each value 15 the mean of three replicates. Each replicate conmisted of mme shoots from each species. The results are
expressed a5 mucrogram equivalent of 1sexafiutole or DEIN per gram fesh wit of fissue (113240 dpm 15 equivalent to 1
pg of soxaflutele). The DEN and benzoic acid m the extracts were separated by radio-TLC and identified by cochromatozia-
phy with the standards.

La sensibilité a I'isoxaflutole est corrélée avec le taux de DKN dans les parties aériennes

O S0:Me Qg O 50:Me O S0;Ms
Métabolisation ke /k/uux;xb_ Sl St spacis. |
ae DY L "
Détoxication !! TN~ R, TN e, = R
lsoxaflutole diketonitrile benzoic acid
- FIC. 2. The demradation of 1soxaflutole in plants.

PPP2 - LG —27.01.11


Thomas DI PASCOLI
C'est le dicétonitrile qui est porteur de la toxicité avec apparition d'un autre métabolite, l'acide benzoïque. 

Thomas DI PASCOLI
Activation

Thomas DI PASCOLI
Détoxication. 


Isoxaflutole / Pallett et al. (1998)

3 pots de 10 plantules par traitement / 30% humidité /
couche superficielle (0,5 cm)+ 14C Isoxaflutole

TABLE 3
The Felattonship between Injury and the Levels of Distibution of [“C]Diketonitrile (DE) m Com Jpomoea spp..
and 4. theophrasti Seedlings 10 days after Preemersence Treatment of ["C]lsoxaflutole to the Swrface 0.5 cm
of the So1l Swrface Equivalent to 250 g ha™"

Asseszmant 10 days after treatment Com Ipomoea =pp A theophrazti
shoot mpury (% bleaching) 5 35 100
Total “C extracted (dpm shoot™"F 10,250 7835 6745
%% Eemammg as DEIV
Manwe leaves 3 33 a1
13 41 g7

Toung leaves

“ 113240 dpmm 15 equivalent to 1 pg of 1sexaflutele or DEI.

Confirmation résultats précédents dans un systeme plus proche des conditions

normales d’utilisation
+ lien avec symptomes morphologiques de phytotoxicité ( => « bleaching »)

PPP2 - LG —27.01.11



Isoxaflutole / Pallett et al. (1998)
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@ % bleaching
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Isoxaflutole / Pallett ef al. (1998)

TABLE4
Pizment Anzlveis of E crus-galli Leaves Followng
Postemcergence Treatment wath Isoxaflutels and

Dhftofemncan

Laaf pizment content
(pz g~! fresh wt)

Isoxaflutole Dhffuferocan

Untreated (32 gha™) (125 gha™")
p-Carotene 78.5 47 17.8
Viclaxanthin 51.7 16 7.0
Antheraxanthin .0 1.6 25
Lutem 102.0 12.9 27.2
Neoxanthins® 228 26 5.7
Phvtoenes® 0.0 1.5 316
Chlorophyll a 11578 846 281.7
Chlorophyll b 2525 260 39

Neore. After 4 davs, the leaves ware excised and extractad
as described by Barry and Fallett (10). The carotencid and
chlorophyl] profiles of the leaves were deternuned by HPLC
(11). Data are means of four replicates.

4 Mixtwre of ciz- and frans- 1somers.

anthéraxanthine
PPP2 - LG -27.01.11

ug.g’' FW Témoin Isoxaflutole Diflufénican
32 g.ha" 125 g.ha"
Phytoéne 0 7,5 31,6
B Caroténe 78,5 4,7 (6 %) 17,8
Dim 94%
190,5 21,7 (11,4%) | 42,4
Dim 88,6%
Chlorophylles | 1410,3 110,6 (7,8%) | 345,6
Dim 92,2%

= Accumulation phytoéne = substrat
de I’enzyme Phytoéene désaturase ( PDS),
indétectable dans témoin

= = =t e = = =

phytoéne

TR e T Ml TR Mg I el I

B caroténe




Herbicides / Pigments chloroplastiques Herbicides inhibiteurs
de la synthéese des caroténoides

Geranylgeranyl e I~ cH.OPP

diphosphate
l Phytoene

synthase

Phytoene /LM/L/‘\/K/\MWVY\/Q./
Isoxaflutole Plant phytoene Inhibition nulle !!
DKN * desaturase ‘ Diflufénican :

IC50=0,1 uM
C-Carotene
(-Carotene
desaturase
Lycopens ;%ﬂuJf:,r%f%ﬂ“wl‘»aﬂuhf-}_hf-:aﬁxfm,nmﬂ\rf
e Cyclase 3-Cyclase
b Cyclase
o -Carotens i ' l p-Carotens
(provitamin A)

PPP2 - LG - 27.01.11 Guliano et al., 2000



Isoxaflutole / Pallett et al. (1998)

Carotenoid Plastoquinone
Biosynthetic Biosynthetic
Fathway Pathway

snxallulole

HO._
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L
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FI- 6. The mitegration of the carotenoid and plastogquinene biosynthetic pathwans.
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Isoxaflutole / Pallett et al. (1998)

100 - 2 :
N i Test HPPD in vitro
5 75 _. = Effet nul de 'isoxaflutole
g% f =DKN : IC ,, = 5 nM
0= /
& 'S a!
= -E 50 ,
.-
G g
3 25 /
Ll

.-"'-:-
0 = 1 » - 4
0 10 1000

[Inhibitor] (nh)

FIG. 4. Themmlubition of camet cell HPFD actinty 1sox-
aflutole (W) and by the diketonitnle dermvatrve of 1soxaflutele
(A). Enzyme achvity was determmned by measurmg the aceu-
mulation of the product of the reaction, homogentizic and,
v itz UV absorption after separation of reaction constrtuents

bv reverse-phase HPLC (9).
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Herbicides / Pigments chloroplastiques

Herbicides inhibiteurs de la synthése des chlorophylles

Diphényl-éthers = Protox
C14<_ 0 ID
CH
L e
Cl S T
NP /T
2
Nitrofene f
Bifenox
|
e
| L
Oxyfluorfene
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Herbicides / Pigments chloroplastiques

Acide &-amino levulinique

|
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| f e : 3
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- 4 CO 1
| -4co: | o

Caoproporphyrinogéne 11
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Thomas DI PASCOLI
Bloque la synthèse de chlorophylle directe. 


Herbicide Resistance Action Committee

Nl Classification of herbicides FAWSSA
3“’, (Cf Autre systéme de classification WSSA "Weed Science Society of America »)
HR AT phttp:/iwww.plantprotection.org/HRAC/ http://lwww.wssa.net/
A (1) / Inhibition ACCase H (10) / Inhibition Glutamine Synthase
B (2) / Inhibition ALS ( AHAS) | (18) / inhibition of Dihydroptéorate (DHP)
synthase
C1 (5), C2 (7), C3 (6) / inhibition PSII K1 (3), K2 (23),K3 (15) / inhibition
( prot. D1) divisions cellulaires (microtubules,
VLCFA)
D (22) / capture électrons PSI L (20, 21,26) / inhibition synthése paroi

cellulaire (cellulose)

E (14) / inhibition Protox M (24) / agents découplants (disruption
membranaire)

F1 (12) / inhibition Phytoéne désaturase N (8, 26) / inhibition synthése lipides ( sauf

(PDS) ACCase)
F2 (27) / inhibition HPPD O (4) / herbicides auxiniques
P (19) / inhibition transport auxine
G (9) / inhibition EPSP Synthase R,S,Z (17, 25 a 27) /| mode d’action
inconnu
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Herbicides / Acides aminés

ROUNDUP 3Plus
Formulation : concentré a diluer
Composition : glyphosate (sel d'isopropylar

Phosphoenol pyruvate

+
Erythrose 1-;1 hosphate
¥
Shikimate

oK

Chorismate

"
S
Sy

AMM : 9300241 Pr E.ﬁhannt & ~
Monsanto Agriculture France SAS, 69 Bror - - b “
o, OH e v ~u
H \F'/ Phenylalanine Tyrosine Tryptophane
\ —
N—HZC/ \DH
4
,»"CHE
HO—C glyphosate Flavonoides Proteines
! ->EPSP Tanins
Synthase Lignine
COOH COOH
CH,
+ H,0,P—0—C—COOH ——= itz + H,0, P
H!n,P—ﬂ OH H,0,P—0 0—C—COO0H
OH OH
Shikimate- Phosphoenol- 5-Enolpyruvylshikimate- Phosphate
j-phosphate pyruvate 3-phosphate



Herbicides / Acides aminés

COO"
CH-
CH,
CHNH-'
COO
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C—CH—CH,

N _
v~ ™y Glufosinate

+NHy + ATP

i 0
e
|

o
HEI-\.-'

= Glutamine
Synthétase

H

RS
.

CH,

—>

CO-NH-
CH-

CH, +ADP + Pi
CHNH-"

COO




Herbicides / Acides aminés

= Acétolactate
Synthase

Sulfonylurées

Imidazolinones

H,C I:If c:l
: =" ;”CH
I p, I h— /)
},N | | N/
] ] H H CH. —CH —CH
L-HE_U
Chlorsulfuron
Imazamethabenz
45:\\ |:|::|
"
P ﬂ — rH CH,

e H H O )
CH,—O O=C
“oH _CH |mazethapyr
Metsulfuron nﬁ”” ~n

LHE
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Herbicides / Acides aminés

CH,— C— COOH CH,~C—COOH  CH,—C Hr'r:l —COOH
il Il
4] 0 0

Acide pyruvique Acide pyruvique Acide «-cetobutyrique

r 1 A

Acetolactate synthase ——

cu;’ﬁ als N co,

Sulfonylurées
Imidazolinones

1 '

?H: 'szs
CH,a—tﬁ—C—cDDH EH,—C—?-—CDDH
| I
0O OH 0O OH
Acide acetolactique Acide o-aceto, a-hydroxybutyrique

i i

| I

| |

' :

\j
Valine v

; Isoleucine

Leucine

prp. - Acétolactate synthase (ALS) = acétohydroxyacid synthase (AHAS)



Herbicides / Divisions cellulaires

Herbicides antimitotiques

Dinitroanilines

Carbamates
E,H
.2
H—~Rl
H, ':|] ’x —CH,—CH,
— Asulam H X
{\ /
Y / H | —CH,—CH,
O O \
o7 e O,
Cl*f\\ .):f,r
Ay Oryzalin
H J—0H,
CH,
L
m—@ Chlorprophame NO, T
CH—CH; —CH;
0
& CH NX
N—-C : \
s ', H ] )
H 0—CH—CH, Pendimethalin

| CH, MO,

PPP2 - LG —27.01.11



Herbicides / Divisions cellulaires

8 nm

Tubuline Protofilament Microtubule
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Herbicides / Acides Gras

« Fop’s »
Aryloxyphenoxypropionates

R neRy

Diclofop

0

||
H,C—C—S—CoA + ATP +HCO;

Acétyl CoA

PPP2-

= Acétyl-CoA
Carboxylase

Cyclohexanediones
CH,—CH,

U;"

L I

Sethoxydime

——EH——HC

CH,—H,C7

0

0

|
\EC_CHE—C-S—CoA + ADP + P, +H*t

“0
Malonyl CoA



Herbicides / Hormones végétales

Herbicides auxiniques

Acides Acides benzoiques
phénoxyacétiques
1

A .
\T ““'::J—CHE—CH cl 0—CH,

] H
Dicamba

(2,4-dichlorophenoxy)acetic acid
=2,4D
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Herbicide Resistance Action Committee

Weed Scien

1 Classification of herbicides
, ~ (Cf Autre systéme de classification WSSA "Weed Science Society of America »)
HRAC htp:/iwww.plantprotection.org/HRAC/ http://www.wssa.net/
A (1) / Inhibition ACCase H (10) / Inhibition Glutamine Synthase
B (2) / Inhibition ALS ( AHAS) | (18) / inhibition of Dihydroptéorate (DHP)
synthase
C1 (5), C2 (7), C3 (6) / inhibition PSII K1 (3), K2 (23),K3 (15) / inhibition
( prot. D1) divisions cellulaires (microtubules,
VLCFA)
D (22) / capture électrons PSI L (20, 21,26) / inhibition synthése paroi

cellulaire (cellulose)

E (14) / inhibition Protox M (24) / agents découplants (disruption
membranaire)

F1 (12) / inhibition Phytoéne désaturase N (8, 26) / inhibition synthése lipides ( sauf

(PDS) ACCase)
F2 (27) / inhibition HPPD O (4) / herbicides auxiniques
P (19) / inhibition transport auxine
G (9) / inhibition EPSP Synthase R,S,Z (17, 25 a 27) /| mode d’action
inconnu
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Molécules / extraits

Q&
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Pesticides
N grais
Métaux
lourds

Environnement

Biotechnologies
Végétales
Culture in vitro

Phytoremediation

OGM ?




