LEF5860 - Controle Quimico de Doencas de Plantas

Responsaveis: Prof. Lilian Amorim e Marcel B. Sposito

10 Semestre 2017 - Quintas-feiras - 8 as 12 h

Assunto

Introdugao, histéria e generalidades sobre agrotdxicos

Classificacao e caracteristicas gerais de fungicidas / Grupos de fungicidas - Multi-sitios e benzimidazois
Grupos de fungicidas - Inibidores de oomicetos e Inibidores de ergosterol

Grupos de fungicidas - QOls e indutores de resisténcia

Processo de descoberta (discovery) de fungicidas

FERIADO

Sistema de Previsao: conceitos e aplicabilidade / Controle Quimico de bactérias com énfase em citros
Tecnologia de aplicagao e experimentagdo com defensivos

Seminario

Provinhas ou seminarios curtos no inicio das aulas
2 Seminarios tematicos
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AGROTOXICOS

Registro de Agrotoxicos Fitossanitarios — AGROFIT
www.agricultura.gov.br
PESTICIDAS - UNIAO EUROPEIA
http://ec.europa.eu/sanco pesticides/public/index.cfm

1/32


http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=vX637GuxJ2dHRM&tbnid=KwyNLZEMfeRLyM:&ved=0CAUQjRw&url=http://rsurgente.opsblog.org/2012/04/18/audiencia-publica-no-rs-debate-agrotoxico-no-brasil-o-veneno-esta-na-mesa/&ei=xbZBUZK8D4Xe8AS9nYHoDg&bvm=bv.43287494,d.dmg&psig=AFQjCNFJDFvo4S01s67QrRSNVEEIyXtOzg&ust=1363347509264115
http://www.agricultura.gov.br/
http://ec.europa.eu/sanco_pesticides/public/index.cfm

Are organic
foods

safer or
healthier
than
conventional

alternatives?
(Smith-Spangler et
al. 2012 Annals of
Internal Medicine)

Does

organic
food taste

better?
(Fillion & Arazi
2002 Nutrition
and Food
Science)

Table 1.

Summary of Benefits: SMD of Nutrient Levels Found in Organic Versus Conventional Fruits, Vegetables, and Grains*

Nutrient

Ascorbic acid

p-Carotene

a-Tocopherol

Potassium

Calcium

Phosphorus

Magnesium

Iron

Fiber

Quercetin

Kaempferol

Total flavanols

Total phenols

summary of All Identified Studies

Results of Meta-analysis

Studies,
n

Comparisons,
n

Comparisons
Favor
Organic, nt

Comparisons
Favor
Conventional,
n¥

Studies, Studies Organic  Conventional
ng Describing Sample  Sample Size,
Sample Size,n n
Size, n

SMD (95% CI)|

Foods studied: banana, berries, broccoli, cabbage, carrots, celery,
eggplant, grapes, leafy greens, lettuce, oranges, peaches, pears,
peppers, plums, potatoes, strawberries, and tomatoes

£ 28 1141 1306 0.50 (0.05 to 0.95)

Foods studied: eggplant, plums, carrots, tomatoes, sweet peppers, kale,
and orange

12 & 114 114 1.14(—0.13 to 2.42)

Foods studied: peaches, pears, plums, corn, cabbage, carrots, and olive
oil

5 5 &0 60 —0.09 (—0.70 to 0.53)

Foods studied: carrots, celery, corn, oranges, grapes, potatoes, peppers,
plums, onions, strawberries, and wheat

14 9 300 315 0.45(—0.30 to 1.20)

Foods studied: strawberries, carrots, celery, corn, oranges, peppers,
plums, strawberries, onions, potatoes, and wheat

15 il 484 500 0.61(0.01 to 1.22)

Foods studied: carrots, celery, corn, plums, onions, and potatoes

7 & 353 374 0.82 (0.44 to 1.20)

Foods studied: potato, plums, onions, peas, carrots, celery, comn,
cabbage, strawberries, peppers, tomato, orange, and wheat

13 10 352 362 0.65 (0.01 to 1.30)

Foods studied: potato, plums, onions, peas, corn, cabbage, carots,
strawberries, peppers, wheat, oats, and tomatoes

12 9 350 300 0.30(—0.47 to 1.08)

Foods studied: wheat, banana, plum, tomato, soybeans, grape juice, and
eggplant

14 8 23 108 —1.27 (—3.20 t0 0.62)

Foods studied: banana, eggplant, plums, wheat, grape juice, and oranges

7 3 73 20 —0.79(—1.87 t0 0.29)

Foods studied: plums, tomatoes, bell peppers, grapes, grape leaves,
lettuce, strawberries, and black currants

11 &6 156 156 2.45(0.20to 4.69)

Foods studied: plums, black currants, grapes, lettuce, bok chei, collard
greens, tomatoes, bell peppers strawberries, and tomatoes

9 5 96 96 2.64 (0.41 to 4.86)

Foods studied: apples, grape leaves, strawberries, chicory, and black

currants
5 3 96 96 —0.19(—-1.68 10 1.31)

Foods studied: apples, peaches, pears, plums, bell peppers, berries,
tomatoes, chicory, olive oil, grape leaves, oranges, strawberries, bok
choi, lettuce, leafy greens, tomatoes, and wheat

22 19 401 401 1.03 (0.47 to 1.59)

P
Valuey]

Heterogeneous
(P Statistic)

Yes (BO%)

Yes (91%)

Yes (26%)

Yes (B7%)

Yes (B4%)

No (0%)

Yes (81%)

Yes (90%)

Yes (B3%)

Yes (B3%)

Yes (94%)

Yes (93%)

Yes (59%)

Yes (67%)
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Um pouco de historia...

Fungicidas nos velhos tempos

Ano Fungicida Uso primario

AC Produtos naturais Cancros, requeimas
(6leos, cinzas, incensos de ervas)

60 Vinho Sementes de cereais
1637 Salmoura Sementes de cereais
1755 Arsénio Sementes de cereais
1760 Sulfato de cobre Sementes de cereais
1807 Sulfato de cobre Carie do trigo

1824  Enxofre (po) Qidios

1833 Enxofre + cal Varias doencas (fitotoxica)
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Um pouco de historia...

Fungicidas nos velhos tempos

Ano Fungicida Uso primario
AC Produtos naturais Cancros, requeimas
(6leos, cinzas, incensos de ervas)
Causa Tratamento
Catarro Nutrir a planta com agua morna
SIOP IO Indigestdo  Mergulhar as raizes em p6 de folhas de Flacourtia
na India sapida e mel

Friagem Aplicar liquidos mornos, caldo de carne e gordura,
poeira com cinzas de estrume bovino
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Um pouco de historia...

1807 - PREVOST, B. Memoire sur la cause immediate de la carie ou charbon des
bles, et de plusieurs autres maladies des plantes, et sur les preservatifs de la carie.
Paris. Phytopathological Classics No. 6, APS, 1939.

Sulfato de cobre
Carie do trigo

Enxofre
Oidio em péssegos

7132



Um pouco de historia...

1885 — O ano da divulgacao do primeiro fungicida

1874 — Pierre Marie Alexis Millardet

1854 — 80% perdas € chamado em Bordeaux

com oidio

1860 — variedades
americanas,
resistentes ao oidio
+

Phylloxera

e recomenda a importacao de
porta-enxertos resistentes dos
EUA 8/32



Observa o efeito profilatico da
mistura de sulfato de cobre e
cal em uvas doentes

1876 — Millardet € contratado pela
Universidade de Bordeaux

1878 — Millardet identifica
Plasmopara viticola como o mais
recente problema nas uvas
bordalesas

1885 — relata com Ulysse Gayon
a calda bordalesa e seus efeitos
no controle do mildio
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In 100 litres of water (either well, rain, or river) are dis-
solved 8 kilos of eommercial copper sulphate. Then, from 30
R o iitri}is of xzfi&ter a:ild Ishkilﬁs @flrich mclgz lime, mi}kl Oii lime ]?s
S IR o made and mixed with the solution of copper sulphate. It

' THE DISCOVERY OF - forms a bluish paste. The workman pours part of the
- BORDEAUX MIXTURE -~} mixture, while stirring it, into a watering pot, which he takes
. T in his left hand, while, with the right, by the sid of a2 small
brush he wets the leaves, taking care constantly not to fouch
S . ! the grapes. One need fear no harm, even to the most
\ By L tender organs,
o PTR_M mhﬁ‘ﬂm mittaRDEr At M. Johnston’s, so litres of the mixture sufficed, on an
e R | average, for treatment of 1,000 plants, which, for one
pTeudmon hectare (10,000 plants), places the total expense (cost of
| PEMK JOHN SCHNEDRRHAN . i materials and labor} at not more than 50 franes.

w

SRS m:mmsmmw
L E by;!;i'l‘nuhwz'

When the mixture dried it adhered well to the leaves.
After treatment the vines withstood several storms at the
beginning and at the end of August and frequent rains in
September. In spite of that, one can still recognize casily
today, on more than half of the leaves, the places where they

: S _ were touched with the mixture. But those that have re-
. Publisksd by - 4 tained no trace of it are in as good condition as those that are
mmwmnwcmmm

e SRR still spotted.




Indonésia em 1886 — “Dutch East Indies” - Indonésia
Java e Sumatra — fumo

1891 J. Van Breda de Haan PhD
1893 Podridao radicular do fumo
1896 publicacao das causas e controle da doenca

Calda bordalesa

Efeito nas sementes e plantulas
Efeito no controle da doenca
Diferentes épocas de aplicacéo

I e D i AL AR Y Calda bordalesa n3o é fitotoxica
Campo de fumo com podrldao g=Leo[[el¥]=1l € auxilia no controle da doenca
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Calda bordalesa
FUNGICIDA E NAO FITOTOXICO

Preparo de calda bordalesa em

pomar de macieiras em 1909 (inswortn,
1981)

Reconhecimento com estatua
e Rue Alexis Millardet




Calda bordalesa é usada até hoje,

mas fungicidas evoluiram...

Declinio nas doses e aumento na seguranca
com evolugao dos fungicidas (Russel, 2005)

Fungicida (época de introdugdo) Dose kg/ha

Enxofre (século 19) 10-20
Sulfato de cobre (século 19) 10-20
Cloreto de mercurio (1891)  -—--
Ditiocarbamatos (1940-1960) 1.5-3.5
Ftalimidas (1950—1960) <2.0
Clorothalonil (1964) 0.75-1.25
Benzimidazois (1960) 0.25-1.0
Dicarboximidas (1970) 0.75
Inibidores de esterois (1970) 0.13-0.25
Estrobilurinas (1990) 0.13-0.25

E.U.A. 1940 — 136.000 t/ano=—> 2000 —

RAIHTIAINAL RAAGE

ORDEAL!
IXTURE

DL50 oral, mg ia / kg

400-500
472
1-5
>8000
>5000
>10 000
>15 000
3500-10 000
568—>6200
>5000

58.000 t/ano
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A evolucao dos fungicidas — inicio do sec XX

Receitas do inicio do século XX para o preparo de fungicidas e seus usos
(1910)

Bordeaux mixture - Copper sulphate (900 g), fresh burned lime (900 g), water (38 L). Potato blight, apple
and pear scab, cucumber and melon mildew, peach leaf curl, apple mildew, cherry leaf scorch, etc.

Ammoniacal copper carbonate solution - Carbonate of copper (30 g), carbonate of ammonia (150 g),
water (60 L). Tomatoes under glass. Recommended to ‘wipe’ tomatoes before marketing as preparation is
poisonous

Violet fungicide - 1.2 kg copper sulphate, 2.2 kg copper carbonate, 83 L of water. Add 30 g permanganate
of potash. For various fungal diseases of violets, pansy and viola

Cupram, or copper carbonate - Carbonate of copper (40 g), strong ammonia (500 g), waterto 38 L.
Roses, peaches, nectarines for shot-hole and peach leaf curl

Potassium sulphide -Boil 15 gin 3.8 L of water and add whites of two eggs to help preparation stick to
leaves. Rose mildew plus other diseases

Iron sulphate - Iron sulphate (9 kg),Sulphuric acid (580 mL), water (190 L). For disinfection of tomato
houses. Prepare in a wooden vessel. Add acid to iron sulphate first then add water very cautiously

Woburn Bordeaux emulsion - Copper sulphate (300 g), lime water (32 L), water to 38 L, Paraffin (solar
distillate, non inflammable). Also available ready made

(Russel, 2005) 14/32



A evolucao dos fungicidas — dos anos 40 aos 70

Table 4. Key fungicide introductions up to around 1960

Fim da guerra
Inicio da industria

Compostos orgéanicos
Protetores
Frutiferas / horticolas

Protetores mais
eficientes

Sistémicos

Grandes culturas

Fungicide

Chemistry

Key uses

thiram

zineh, nabam
biphenyl
OXINe copper
tecnazene
captan

folpet

fentin acetate
fentin hydroxide
anilazine
blastiadin §
maneh
dodine
dicloran

dithiocarbamate
dithiocarbamate
aromatic hydrocarbon
IMOTEAnKc
nitrobenzene
phthalimide
phthalimide

IMOTEAnKc

INOrganic

trigzine

antbiotic
dithiocarbamate based on manganese
puanidine

nitroaniline

broad spectrum especially seed

broad spectrum foliar sprays

citrus storage rots (impregnating wWrappers)
broad spectrum seed treatment

potatoes, Fusarium and sproul suppressant
broad spectrum, especially fruit and vegetables
broad spectrum

broad spectrum

broad spectrum

leal spots

rice blast systemic

broad spectrum

foliar diseases, fruit and vepetables

broad spectrum, especially Botrytiv spp.

Table 5. Key fimgicide introductions 1960—1969

Fungiade

Chemistry

Kooy uses

dithianon
propineh

chlorothalonil
dichlofluamd
doedemorph
kasugamycin
polyoxing
pyrazophos
ditalimfos

OXycarboxin
drazoxolon
tolyfluamd
edifenphos

fuberidazole
suazatinge

dimethirmmol, ethirmmaol

triforine
tridemorph

carbonitrile

fohar pathogens of [Tt but not powdery mldews

dithiocarbamate

phthalonitrile
sulpharmide
morpholine (SBI)
antibiotic

antibiotic
organophosphorous
organophosphorous

carboxanibde
hydrazone
sulphamde
phosphorodithioa te

carbamate (mbg)
mbc

diguanmdine
2-aminopyrimidine
piperazine DMI
morphohne SBI

broad spectrum

broad spectrum, now especially Septornia on wheat
broad spectrum

powdery mildews, ornamentals systemic, eradicant
bacteriocide and fungicide, especially Pyricularia oryzae
Alternarnia, Botryus, Rhizoctonia (Japan)

powdery mildews systemic

powdery mildews

rusl diseases Sys Lemie

powdery mildew on sofl frut, roses; seed treatment
broad spectrum, especially top fruit

rice blast specific systemic

seed treatment especially to control Fusarium. Systemic
seed treatments and foliar spray, broad spectrum
powdery mildews, systemic

broad spectrum systemic

cereal diseases, espeaially powdery mildew
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A evolucao dos ' Aplicagéo aérea de DDT
fungicidas - anos 70-80 o S

1970 — criacao da EPA
Denuncias de Rachel Carson

Table 7.

mic Japan
trum

i, especially rice (Japan)

Intensificagdo da P&D
Estratégia dos analogos .
p}'rimuiinl' DMI
. arim pyrimidine DMI
Cereais yridine DM1
Anti oomicetos clozoin rhovimide
Reglstro O one dicarboximde
CYMmOXani cetamide oxime
Resisténcia

roctoma, Sclerotium

trum cially cereals 16/32




DDT
sintese em 1873

inseticida em
1939

Levantamento de residuos de DDT em peixes de rios no sul da Inglaterra
(Jurgens et al. 2016)

"8 DDT banido em 1981 na

2B EU para uso agricola
& Coleta de peixes em 2011

Nivel de 88 = 70 ug/kg

BEHIND OUR PRODUCTS|® : ZDD_TS in wild UK roach [pg/kg ww]

SIS 4@,’4@_;:"@ ‘e 2T T % S
"o gl ;,,f“* Tens e, Limite 14 pg/kg
LT
= ‘ < a%": "8

;‘E‘.&bp_e ¥ (7]
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A evolucao dos fungicidas — anos 90-00

Elevacdo dos custos
Registro

Resisténcia

Cereais

Produtos naturais

Tahble B. Key fungicide introductions 198 1-present

Fungiade

Chemistry

Key uses

benalaxyl
futolanil
mepronil
pencycuron
cyprofuram
triflumizole
tutriatol
penconazole
fusilazole
diniconazole
oadinyl
tenpropidin
hexaconazole
cyproconazole
riyc lobaata ral
tebuconazole
mrifenox
difenoconazole
tetraconazole
tenbuconazole
dimethomorph
tenpiclonil
fudiceconil
epoxyconazole
bromuconazole
mrrimetharal
metconazole
fuguinconazole
tritconazole
fuazinam

cyprodmnil

Mo i pyTim
farnox adone
metenoxam
quinoyten
tenhexamid
tenamidone
trifloy strobin
cyarotamid
pcox ystrobin
pyraclostrobin
prothioconazole

phenylammde
anilide
carboxamide
phenylurea
phenylamide
imidazole [DMI
triazole M1

phenylamide
‘morpholine” SBI1
triazole DMI

pyridine M1
triazole M1

annarmic acd
phenylpy rrole

triazole DMI
anilinopy rmidine

triazoke DM

dinitroaniline

anilinopy rmidine

(ol

phenylamide
phenoxyguinoline
hydroecy anilide
ol

cyanomidazole

Oal

triazole M1

Oomycetes

basidiomycetes, especially Rbizoctonia spp.
basidiomycetes, espeaally Ribizoctonia spp.

Rhizoctonia solfani, cspedially rice
Oomycetes

broad spectrum, especally fruit and vegetables

broad spectrum

Oomycetes

broad spectrum, espeaally cereal foliar discases

broad spectrum

broad leat crops, leat spots
broad spectrum

Oomycetes

cereal sead treatment, foliar especially
Botryiis spp.

broad spectrum

ﬁ':'n'l"_l'u'l'.'u Epp.. V. Iil.'{k{_.'lﬂllll:'u
broad spectrum

Comycetes, Botryiis 5

Botrytis spp., V. nasgualis P herpotrichoides

Oomycetes
replaced metalaxyl
powdery mildews
ﬁ':'n'l"_l'u' is Epp.
Oomycetes

Oomycetes
broad spectrum

broad spectrum

Legislacio restritiva — EU regulation 1107/2009 em acao 14/06/2011
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FUNGICIDA IDEAL ¥ pr i 25

Biologicamente re 2
Deve ser efetivo e consistente no}d@q@tr

5

~ . - 2 =0
Nao deve ser fitotoxico na dose recon

Formulacao
Deve ser seguro no transporte e estocagem
Deve ser de facil aplicacao e permanecer na planta por longo periodo

Toxicologicamente
Deve ser indbcuo ao aplicador
Residuos nao devem causar problemas no consumo

Economicamente
O lucro decorrente de seu uso tem que exceder o custo das aplicacoes
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Desenvolvimento de um fungicida

Custos em
US$

QUIMICA
Ingrediente Ativo

Formulacao

processo

Desenvolvimento do

Planta piloto de

producdo

BIOLOGIA
Pesquisa

Desenvolvimento

Vegetacao

Laboratério/Casa de

50 milhoes

ulacdo/Otimizacdo

Ensaio em campo

Otimismo de
Aplicagao

TOXICOLOGIA
Mamiferos

Outros

Desenvolvimento para registro

44 milhGes

Toxicidade aguda, sub-crénica
Mutacdo / Carcinogénese / Teratogénese

Peixes / Passaros / Microrg.

AMBIENTE
Metabolismo

Residuos

Planta / animais /

solo /dguae ar

)
/

Documentos
para Registro e
Inicio das vendas

63 milhdes

Ano

157 milhoes




PROCESSO DE
DESCOBERTA
DE FUNGICIDAS

A FUSAO DAS EMPRESAS

Geigy Ciba Sandoz
(1758) (1884) (1876)

Fisons
Agrochemicals
1980 FBC  4—— Boots  *—— Hercules Ciba_Geigy ICI
l “"-—-_______‘ BEC (1970) (1928)
Schering l
1983 Schering z
NORAM #—— UPJOHN (Z']egnge4c)a Farmacos
. e outros
\ — Novartis
1995 AgrEvo oecnst (1996) Astra
\ o May & Baker
o AstraZeneca
1999 Aventis +— Rhone-Poulenc "“________._.—-—-—' Union Carbide (2000)

2002 Bayer

Figure 3 History of the Bayer C

-— EA Hrf"r ; cience formed from 11

Varias empresas
de sementes e
biotecnologia
(Argentina, EUA,
NETeETe))

Syngenta
(2001)

ompany.
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PROCESSO DE -
DESCOBERTA Mercado de Fungicidas

DE FUNGICIDAS

2014 (A)
Consumo global de fungicidas

—
(&
8
E
@
w
>
=
wy
@
o
?
g
B
2
o
C
=
I

Fungicide sales {ib million)

m Morth America m Europe
m Asia Pacific m LATAM

Fig. 3.1. The US fungicides market: increasing sales (— &) but declining weight {—m-). = MEA

The Fungicides Market 25

Source: Transparency Market Research Analysis, 2013
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FRAC

TIPOS DE FUNGICIDAS

» Mobilidade na planta — contato ou sistémicos

* Principio de controle — erradicantes, protetores ou curativos

LE 1]

* Alvo bioldgico — “uni-sitio”, “multi-sitio”

 Tipo de ingrediente ativo — moléculas inorganicas ou
organicas

* Modo de acao (MOA) — respiracao, sintese de acidos
nucleicos, sintese de melanina na parede celular, inducao de
defesa da planta....desconhecido

Sub grupo do modo de acao - inibicao do complexo I, II, Il
(respiracao)
Grupo e sub grupo quimico — metoxiacrilatos que
compreendem azoxistrobina e piraclostrobina
(complexo )

26/32



http://www.frac.info

* Alteracao nos processos nucleares
Metabolismo de acidos nucléicos (A: NA synthesis) - metalaxil
Citoesqueleto e proteinas motoras (B: mitosis) - tiabendazol

* Inibicao da respiracao (C: respiration)
Inibidores dos complexos |, Il, lll...- azoxistrobina

* Inibicao da sintese de proteinas (D: amino acids and protein synthesis)
blasticidina

* Alteracao nas funcdes da membrana (G: sterol synthesis in membranes)
Inibidores da sintese de ergosterol - epoxiconazol

* Alteracao na funcao da parede celular
Inibidores da sintese de quitina (H: cell wall synthesis) - dimetomorfe
Inibidores da sintese de melanina (I: melanin synthesis in cell wall)
fenoxanil

* Alteracao geral das funcdes celulares (M: Multi-site action)
Inorganicos - enxofre

Organicos - mancozeb
27/32
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— nome dado a um grupo de fungicidas que compartilham o modo
de acao, podendo ou nao ter estrutura quimica similar

— nome do ingrediente ativo fornecido pelo sistema de
nomenclatura internacional especificamente para compostos organicos (International
Union of Pure and Applied Chemistry — IUPAC) ou pela American Chemical Society
(ACS)

— numero de registro na CAS (Chemical Abstracts Service). Um unico
numero de referéncia, diferindo isbmeros

— nome proposto pelo fabricante para o ingrediente ativo, o qual
deve ser ratificado pela [IUPAC ou pela ACS

— nome comum aportuguesado

— nome patenteado sob o qual o produto é vendido

benzimidazol
Tecto SC (Syngenta) 2-(thiazol-4-yl)benzimidazole
148-79-8
thiabendazole
tiabendazol .
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APLICACAO DE FUNGICIDAS

Formulagao — Mistura do ingrediente ativo com outros produtos

(adjuvantes) que melhoram a performance do fungicida. Ex. pés-molhaveis,

concentrados emulsionaveis, granulados, etc.

Adjuvantes
Transferéncia do tanque
para o alvo — efeito no
tamanho de gotas, p. ex.

Dispersao do ativo e na
absorcao do ativo — efeito
na molhabilidade e na
aderéncia do produto

https://www.epa.gov/newsreleases/epa-prohibits-72-inert-ingredients-use-pesticides

“1—"

(Vargas & Roman, 2006)
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APLICACAO DE FUNGICIDAS

Formulacao — Mistura do ingrediente ativo com outros produtos
(adjuvantes) que melhoram a performance do fungicida. Ex. pos-
molhaveis, concentrados emulsionaveis, granulados, etc.

. .#%W}“ o

. .
g ey H"-ﬂf ""ﬂ'“ iy

Pulverizacao de concentrado
emulsionavel em cebola (APS - G. Vapam aplicado ao solo. Solugao fungicida

Geitz) aplicada ao solo e coberta com plastico
(APS - P. Vincelli)
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