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Analysis of the risk of the presence of
{cide-resistant weeds

Risk level Medium3 | High5 | Value
1. Number of different crops in t 1
2. Relation between winter crog I
3. Tillage of the soil in the NL
(NL)
4. Mechanical control None
5. Number of different’herbicides (mode of 1
weed control in the rotation
6. During how many consecutive growing seasons have you >3 \ 2 ays
used herbicides with the same mode of action? the Same
7. Have you used herbicides with the samesmode of action No Once >Twice
during the growing seasan?.
8. Level of infestation of ’&\e plot Low | Medium High
9. Quality of control obtainéd by the herbicide during the last | Good Medium | Insufficient
Constant Variable Decreasing
3 or 4 years
If the TOTAL number is u ler 18 Low risk
If the TOTAL number is between 18 and 32 Moderate risk r
If the TOTAL number is over 32 High risk TOTAL .?




The evolution of Herbicide Resistance
(percentvalues are arbitrary)
i .
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A pplication of the same herhicide for many vears
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Tharain-Santha_Kumar, N. 2003






Distribucion de la resistencia en Latinoameérica




Number of resistant weed species
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Control de malas hierbas

Epoca de control

&
r .."l (&
Momento de la 6.\
emergencia / “, =y
® .
— / o Medios de
| ( -}

manejo
.f" ;
Rotacion
de cultivos

Variedad L,f
del cultivo
Distancia

entre hileras Densidad de siembra
Hugo Cruz-Hipdlito, 2010



Resistenclia cruzada

ALS INHIBIDORES ACCasa INHIBIDORES PSII INHIBIDORES

BIOTIPO SENSIBLE

STOP ALS
SISTEMA DE DETOXIFICACION |
NP4 J [ \_/ [ ]

BIOTIPO RESISTENTE BIOTIPO RESISTENTE
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Table 2. Parameters of the Equation® Used To Calculate the Herbicide Dose Required for 509 Plant Injury (EDsq) of Resistant (R1) and Susceptible (S) Biotypes of
5. mucronatus Using Different Herbicides

herbicide accession ¢ d b pseudo e
bensulfuron-methyl R 1472 099.7684 3143 099 <0.001
S 2,788 100 1376 098 <0.001
bispiribac-sodium R 1.076 99.99 1569 098 <0.0001
5 24M 100 15 099 <0.0001
cyclosulfamuron R 1.343 99.72 1296 099 <0.0001
5 3.293 100 2005 099 <0.0001
ethoxysulfuron R 219 100 3734 099 <0.0001
S 2.275 99.76 5637 099 <0.0001
iMazanmax R 214 100 1956 099 <0.0001
5 0.976 100 4239 0498 «0.0001
imazosulfuron R 2612 100 8799 0498 <0.0001
S5 0.718 100 3550 099 <0.0001
pyrazosulfuran-ethyl R 3.374 100 2856 099 <0.0001
s 0.020 100 321 098 <0.0001

“Equation Y= c+{{d— c){1 + [ﬂgﬂ}, where Yis the percentage of plantinjury, x (independent variable) is the herbicide rate, cand d are the lower and upper asymplotes,
bisthe slope of the line, and EDs, is the effective dose required for 50% plant injury. Data were podled and frned to nonlinear regression model. Data are means of four replicates.
o Appmxrnaie coefficient of determination of nanlinear models with a defined intercept calculated as pseudﬂ r* =1 - (sums of squares of the regression/comected total sums of
squares). © Probabiity level of significance of the nonlinear model. “ RF = resistant factor = EDg of resistant/EDs, of susceptible biotype.
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Table 5. Parameters of the Equation® Used To Calculate the Herbicide Concentration Required for 50% Reduction of the ALS activiy (k) of Resistant (R) and
Susceptible (S) Biotypes of 5. mucronatus

herbicide ACCASSIN ¢ d b pseudo e
bensulfuron-methyl R 3.711 98483 2044 0.975 <(0,000
S 1.043 100.00 1.2036 0.984 <(0,000
bispiribac-sodium R 8.073 99,94 1.525 0.988 <0.000
S 1.253 98.743 1.819 0.985 <(0.000
cyclosulfamuron R 7.719 99.718 1.982 0.982 <0,000
S 0423 100.00 1.194 0.99 <0,000
ethoxysulfuron R 1.879 g7.812 2328 0.96 0,000
S 0.368 97.563 2149 0.967 <0.000
imazamaox R 1.169 a7.91 1.875 0.95 <(0,000
S 1.562 a8 492 1171 0.981 <0.000
imazosulfuron R 1.655 99,729 1.725 0.982 <0.000
S 1.21 99,267 1.923 0.978 <0,000
pyrazosulfurcn-ethyl R 5.768 gr.242 1.645 0.964 <0.000
S 1.482 99.59 149 0.989 0,000

“Equation ¥ = ¢+ {(d — &1 + [x!g}’]}, where Y is the percentage of plant injury, x (independent variable) is the herbicide concentration, ¢ and d are the lower and
upper asymptotes, b is the slope of the line, and &y, is the effective dose required for 50% reduction of ALS activity. Data were pooled and fited to nonlinear regression model.
Data are means of four replicates. “Approximate coefficient of determination of nonlinear models with a defined intercept calculated as pseudo # =1 — (sums of squares
of the regression/corrected total sums of squares). ©Probability level of significance of the norlinear model. “RF = resistant factor = Iy of resistant /ls; of susceptible

bictype.



Simulation model of Arabidopsis AHAS structure in complex with the SU herbicide chlorsulfuron (a)
or the IMI herbicide imazaquin (b). The herbicides are colored white; the residues that have evolved
resistance substitutions are colored red. Note that the SU herbicide is bound deeper and closer to
and has more contact with the catalytic site than does the IMI herbicide. The perspective of the
Images is that the atoms of the herbicides at the bottom left are those that are at the entrance of the
channel, and those at the top right are inside the channel, leading to the catalytic site. (S. Friesen &
S. Powles, unpublished data.)

a Trp-574 b Trp-574

Gly-654 Gly-654

Asp-376
P Asp-376

Ala-122 Ala-122

\

Pro-197 Ala-205

/

Pro-197 Ala-205

}h Powles SB, Yu Q. 2010.
Annu. Rev. Plant. Biol. 61:317-47




ALS amino acid substitutions that confer herbicide resistance.

A
I.J::'l \ :
/e A i
AARN  SCR Weed Species SU®@ IMI@ PTB®@ TP SCT® Year®)

Lactuca serriola

Papaver rhoeas
Scirpus juncoides var. ohwianus R
Scirpus mucronatus

SU = Sulfonylureas

IMI = Imidazolinone
PTB= Pyrimidinylthidbenzoates

TP= Triazolopyrimidings
SCT=Sulfonylaminocar nyltriaz__glinﬁﬁe

\
|
N\ |

Adaptado de Copyright © 1993-2009 WeedScience.orqg.




ALS INHIBIDORES ACCasa INHIBIDORES

SISTEMA DE
DETOXIFICACION

Resistencia multiple

PSI1 INHIBIDORES BIOTIPO SENSIBLE

1

1

STOP ACCasa

1

STOP PSII

BIOTIPO RESISTENTE



Resistencia de Lolium rigidum a diferentes grupos de herbicidas

Inhibidores Inhibidores Inhibidores Inhibidores Inhibidores Otros modos de

PS11yPSI ALS ACCAsa Mitosis EPSPS accion

s-Triazinas Sulfonilureas APPs Dinitroanilinas Glicina Cloroacetamidas
Ureas Imidazolinonas DIMs Carbamatos Isoxazoles

sustituidas
1-4 triazoles
Triazinonas

S. Powles et al.} 2007. Glyphosat
herbicide resistance evolved i

paraquat and ACCase multipl
L. rigidum biotype. Planta: 225: 499-513.

S. Powles et al., 2009: Distinct non-target site mechanisms endow
resistance to glyphés te, ACCase and ALS-inhibiting herbicides in multiple
herbicide-resistant L. rigidum. Planta: 230: 713-723.



Herbicidas

Secuestracion o ligacion
a sustratos

ada en organulos subcelulares

!

Interaccion con el sitio diana

A/

Consecuencias toxicas
\ (muerte)

e ——

Hugo Cruz-Hipalito



Mecanismos de resistencia
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Resistencia de sitio de accion
Pérdida de afinidad por el sitio de accion
i

i\

m .
Avena fatua. Recol€c _pla en Chile
/ r' i E-.

P

Herbicida AGGesibn ED., FR I, FR
Fenoxaprop/ & .\ 3882 | "-"'.j'_;,;
/7 R \20y79 52029 301

Diclofop S L6 35,19\

R 208,14 4,04 108,21 3,07
Cletod s 38,78 381 |

R 201,24 519 8,69 2,28
Cicloxidim\ S 38,72 783 |

R

201,18 15,20 19,76 2,92



Table 3 Resistance-endowing plastidic ACCase CT domain amino acid substitutions in field-evolved
resistant grass weed species

¥

Resistance spectrum

Amino acid substitution Grasggeed species |APP|CHD| PPZ References

lle-1781-Leu Alopecufill§ myosuroides | R | R 48 R  [Petitetal., 2010
Avena fatua R R r Christoffers y Pederson, 2007
A. sterilis R R ? Liu et al., 2007
i | ? | R | B2 [Whiteetal., 2005
R R~ Yuetal., 2007
Trp-1999-Cys R/S ? Liu, 2007

Trp-2027-Cys

A. sterilis

S
S
R/r r ? Petit et al., 2010
L. rigidum T v | 7% Wuetaly2007
Ile-2041-Asn A. myosuroides R S r  |Petitetal., 2010
A. sterilis R r ? Petit et al., 2010
Phalaris paradoxa NE ? ? Hochberg et al., 2009
L. rigidum R r/S ? Yu et al., 2007
Ile-2041-Val \ L. rigidum SIR| S ?
Asp-2078-Gly \ A. myosuroides R | R R  |Petitetal., 2010
\ |A fatua R | R R |Cruz-Hipolito 2010
N\ |A sterilis R | R ?  |Petitetal., 2010
N\ JE  multiflorium R| R R |Kaundun, 2010
| L. rigidum R | R R [Yuetal., 2007 |
' |P\paradoxa R| R R |Hochberg et al., 2000
Cys-2088-Arg L. rigidum R R R |Yuetal,2007 |
Gly-2096-Ala A. myosuroides R r/S 5 Petit et al., 2010 [




Glyphosate resistance resulting from gene amplification.
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Mecanismos de resistencia
(NTSR)
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Resistencia fuera del sitio de accidn
Metabollz ilon a especies no toxicas

1 ﬁmetabollsmo de 13'_ \guicidas (Adaptado de
tal 2004) " { “,,a.

.r‘.E""Jf.

Tabla 2. Resumen de las tres
SHIMABUKURO, 1985; r'"

Caracteristicas Propig0 ', se | ? Fase Il
inicigles 7 RN

Reacciones Compuesto inicial Oxidacion, Conjugacion Conjugacion
hidrolisis, secundaria o
reduccion incorporacion a

biopolimeros

Solubilidad Lipofilico Anfofilico Hidrofilico Hidrofilico o

Fototoxicidad Toxico Modificado o Muy reducida o insoluble
menos toxico no toxico No toxico

Movilidad Selectiva Modificada o Limitada o Inmovil

reducida inmovil

\ /

f
|



Acetil Coenzima A carboxilasa (ACCasa)

e ACCasa, acetil coe
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Metabolismo de '“C-fenoxaprop-p-etil 24 HDT en L. multiflorum.

bsorcion foliar.
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Figura 5. Ruta metabolica de detoxificacion de fenoxaprop-etilo en
g /Loliun multiflorum.

CH,

A |
S o~ Doemeoon
O

Cl

Fenoxaprop-etilo
R S

Esterasa

OH
N ?H3
Hidrolasa
/@ S—0 QO—CH COOH ——
b ]
o R
Cl i
Fenoxaprop acido OH
Hidroquinona
R | Hidrolasa CDHB-S-Cys
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¥
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6-cloro-2.3-dihidrobenzoxazol-2-ona CDHB-GSH

(CDHB)




Resistencia fuera del sitio de accion
Reduccidon de la concentracion de herbicida en el
sitio de accion
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Especies de malezas que incrementan su grado de infestacion en soja transgeénica

resistente a glifosato en Argentina’.
Nombre cientifico '
Anoda cristata (L.) Sehitdl
Artemisia annua L 408 £ |

Parietaria debilis G. Foster
Petunia axillaris (Lam.) Britton, Sterns & Pogg.
Rumex crispus L.
Si&rhombifolia L.
Solar\m chacoense Bitter.
Sphar&lcea bonariensis(Cav.) Griseb.
Trifoliur?\repen,&l:‘."
Verbena h‘&naérensis L.

Viola arvéns\iQ Murr

Wedelia glauca Oct. Hoffmann
! Recopilado deValverde B. y Gressel J. , 2006.
2 Reportada como'resistente a glifosato en Brasil, Espafa y Sudafrica.
3 Reportada como resistente a glifosato en Malasia, Taiwan y Bolivia. /




4846 J. Agric. Food Chem., Vol. 57, No. 11, 2009 Cruz-Hipolito et al.

100 Cxy

— (Canavalia ensiformis

2
1

=

i

2 &0 —_—— Jmarantfie fuebeids
3

o L8
=X

g ",‘

= 4

= |- |
s \

———

_T_I"; 400 4 l

o

= \

I

.-;3 1

Mg U

- l'- ——
0 T F T T T |
0 100 200 300 400 S04 600

Gilyphosate (g ai ha"! ]

Figure 1. Dose—response assays of C. ensiformis (O) and A hybndus
(@). The plant fresh weight was determined 21 DAT, and data are
expressed as percentage of the untreated control; each point is the mean
+ standard errors (SE) of three experiments.
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Figure 2. Shikimic acid accumulation in shoots of A. hybndus and

C. ensiformis plants following the application of glyphosate at 500 g ha™".
Vertical bars represent + standard errors of the mean.
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Table 2. Translocation (Percent of Absorbed Radioactivity) of [*C]Glyphao-
sate in Amaranthus hybridus and Canavalia ensiformis

14 .
h after [ “Clalyphosate (% of absorbed)®

treatment Species treated leaf root rest of plant

24 A hybridus 8000+ 200B B8.33+£153JK 116612081
C. ensiformis 9666+ 3.06A 0.00+0.00L 333+ 0.58KL

48 A. hybrdus 6400+ 230C 16.00+£140HI 20.00 £+1.80 GH
C. ensiformis 8400+ 2408 2.00+0.20KL 14.00+0.80 HW

72 A. hybridus 4000+ 34D 2800+4.B80EF 32.00+4.30E
C. ensiformis  68.00+210C B8.00+0.80JK 2400+23FG

#Means within a column followed by the same letter are not significantly different

at the 5% level as determined by the Tukey test. Values £+ standard emor of the
mean; 0 = nondetected.

Cruz-Hipolito et al.
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Figure 4. Phosphorimaging visualization of [*Cglyphosate translocation
of A. hybndus (left) and C. ensiformis (right), 24 HAT.



Resistencia fuera del sitio de accion
Resistencia asociada a procesos de secuestracion o compartimentacion
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Figura 7. Rutas metabolicas de detoxificacion de herbicidas en malezas (Adaptado de DE PRADO y FRANCO, 2004).







Sitio déu":accién del isoproturon
FATE LY

D2 D1

PQ/PQH,

MEMBRANA Inhibidores del PS II

Citb 559

Figura 5. Modelo D1/D2 de la cadena de transporte electrénico
desde el agua hasta la plastoquinona Qg en el complejo
proteinico del CR (Barber, 1987a).
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Efecto de ABT (70uM) sobre el metabolismo de 4C-isoproturén en hojas de Lolium rigidum (R y S)
incubados en herbicida durante 24 h y luego transferidos a solucion nutritiva 24 h.

AN
Radioactividad (%)
-ABT +ABT
Metabolitos® S R S R
I30 73,3148 24 72541 21 74,2745 34 78,3445 67
M-S0 0.21+0.67 5334167 17214845 12214354
H-ISO 2,9740,76 4.2740.86 nd nd
C-150 14514127 154024 8524236 9.45+2,94

21S0O, isoproturdn; M-I1S0O, onodeWon; H-1SO, hidroxi-isoproturon;
C-1SO, conjugado-isoproturgn.
f

\

De Prado et al., J. Agric. Food Chem, Vol.56, No. 6. 2005. -"
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Figura 4. Ruta metabolica de detoxificacion de isoproturon en Loliun rigidu



Distribution of Herbicide Resistant Biotypes

Fesistant WWeeds
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Source: Dr. lan Heap
www.weedscience.com
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Metabolismo de '“C-fenoxaprop-p-etil 24 HDT en L. multiflorum.

bsorcion foliar.
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Figura 5. Ruta metabolica de detoxificacion de fenoxaprop-etilo en
g /Loliun multiflorum.
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