08/05/2017

FUNDECITRUS
FUNDO DE DEFESA DA CITRICULTURA

Controle quimico de
doencas bacterianas

Franklin Behlau, PhD

Pesquisador Fundecitrus

FUNDECITRUS

FUNDO DE DEFESA DA CITRICULTURA




08/05/2017

~@ FUNDECITRUS

Principios preferenciais de controle de doencas bacterianas

Evasao: regido, local época

Exclusdo: uso de mudas e sementes sadias, barreiras
Erradicag&o: eliminagio de plantas, tratamento semente e solo
Imunizag&o: resisténcia varietal

Regulagéo: controle de vetores, modificagio ambiente/nutrig&o

Terapia: tratamento térmico

* Protecao: pulverizagao

@ FUNDECITRUS

Produtos quimicos mais utilizados

= Cobre
= Antibioticos

» |ndutores de resisténcia (?)




08/05/2017

FUNDECITRUS

oo s Bactericida ctprico ‘4"

Cobre também é vital

= Essencial a maioria dos organismos
=+ 30 proteinas que contém cobre conhecidas

= Formacéo do colageno, sintese de melanina, cofator enzimatico,
transporte de elétrons, etc.
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Bactericida cuprico 4‘

Mecanismo da agao

= jon cobre Cu*2m toxico p/ bactéria

» Entra na célula e altera a integridade da membrana
= Bloqueio funcionais de enzimas

= Afeta sintese de DNA

= Amplo espectro

https://www.youtube.com/watch?v=2RZXDOdrAdI

https://youtu.be/I2MIvpoihZ8



https://youtu.be/l2MIvpoihZ8
https://www.youtube.com/watch?v=2RZXDOdrAdI
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Bactericida cuprico 46

Mecanismo da agao

(A) Copper dissolves from the copper surface and causes cell damage. (B) The cell membrane ruptures because of copper and
other stress phenomena, leading to loss of membrane potential and cytoplasmic content. (C) Copper ions induce the generation
of reactive oxygen species, which cause further cell damage. (D) Genomic and plasmid DNA becomes degraded.

Grass et al., 2011, Appl Environ Microbiol.
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Bactericida cuprico 4‘

Cobre fixo X cobre soluvel

= Hidroxido de cobre = Sulfato de cobre
= QOxicloreto de cobre = Nijtrato de cobre

= Oxido cuproso
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Bactericida cuprico

Caracteristicas basicas dos cobres fixos

Mobilizagao do ion cobre Cu*?

» Baixo pH

+ CO, da agua de chuva

+ Exsudados microbianos
* Exsudados da planta

‘ FUNDECITRUS
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Bactericida cuprico
Caracteristicas e limitagoes
= Protetor e preventivo
= Necessidade de aplicagGes frequentes
» Reduz quantidade de doenga na planta

= Nivel de controle depende da
favorabilidade a ocorréncia da doenca

= Nivel de controle limitado
= Fitotoxicidade

= Desenvolvimento de resisténcia
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Bactericida cuprico

Exemplos de doengas controladas com aplicagao de cobre

Xanthomonas e Pseudomonas

= Cancro citrico (X. citri subsp. citri)

= Mancha bacteriana tomateiro (X. vesicatoria, euvesicatoria)
= Podridao negra das cruciferas (X. campestris pv. campestris)
= Bacterisose da Nogueira (X. arbicola pv. juglandis)

= Mancha aureolada do cafeeiro (Pseudomonas seringae pv. garcae)
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Soluble and insoluble copper formulations and metallic copper rate @c,mm =]

for control of citrus canker on sweet orange trees g

Franklin Behlau’, Luis Henrique Mariano Scandelai, Geraldo José da Silva Junior, 7}

Fabricio Eustdquio Lanza ‘g

Fundo de Defesa da Citmicultura (Fundecitris), Av. Dr. Adhemar Percim de Barros, 201, 14.807-040. Araroquara, S50 Faulo, Braril %

Commercial name Formulation type Copper source and concentration (%)

Copper Crop solution copper nitrate (35.4)

Magna-Bon C52005  solution copper sulfate petahydrate (19.8)

Difere

Supera

Kocide WDG
Cuprogarb 350
Redshield 750

suspension concentrate
suspension concentrate
water dispersible granules
wettable powder
wettable powder

copper oxychhoride (58.8)
copper hydroxide (53.8)
copper hydroxide (53.8)
copper oxychhoride (58.8)
cuprous oxide (86.0)

Formulation and rate (kg met Cu/ha) ~/b/ac

Franklin Behla:
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i Controle de cancro citrico com cobre ‘4’

Volume de calda
(Tree row volume -TRV

Volume de copa/ha

TRV (m3/ha) = 10.000/esp. ruas x profundidade x altura

Volume de calda e dose/m3 copa
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Marcelo da Silva Scapin *, Franklin Behlau *”, Luis Henrique Mariano Scandelai *, T ue
Rafael Saraiva Fernandes °, Geraldo José Silva Junior *, Hamilton Humberto Ramos Month of assessment Spray volume (mL/m®*)
o o et Hy s
v' ‘Valencia’ 6 anos idade, 23.300 m3/ha, 49 m3/pl LE s
2% a
= @
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ER
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_— 2 2
(g/L) (mg/m’)’ "8 , b b m A
150 3056 0.525 78.8 =
100 2037 0.525 525 0 - D ﬁ w
- - N <
70 1426 0.525 368 &P BPE PR
70¢* 1426 0.735 525 Spray volume (mL/m’)
40 815 0.525 21.0
40c* 815 1313 525 v Volume étimo: 40 to 70 mL/m?3
#70C and 40C = a.i. corrected to 100 mL/m3 v 20 mL/m3 reduziu eficiéncia do controle (n3o publicado)
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Importancia relativa do cobre, quebra-vento e c(
minador dos citros no manejo do cancro citrico

'.. L ' o ol variedade: Valéncia/Cravo

Plantio: 2010

Area: 10 ha

Densidade: 476 pl/ha
Tamanho das plantas: 45 m*

8 TRATAMENTOS, 3 REPETIGGOES, 112 PLA
M | QUEBRA-VENTO: Casuarina cunninghamiana (plantio dezembro/2011)

COBRE: 3 kg Kocide WDG/2000 L (35% cobre metdlico) - intervalo de 21 dias

1.500 L/ha - 70 mL/m?® copa — 0,85 kg cobre metdlico/ha - 40 mg cobre metalico/m?® de copa

E- , CONTROLE DO MINADOR: Abamectina 300 mlL/2000 L -
3’ intervalo de 21 dias

INFLUENCIA DE COBRE, QUEBRA-VENTO E MINADOR
DOS CITROS NO MANEJO DE CANCRO CITRICO

| SEM MANEJO

®®® - FunpeciTRUS ﬁé @cocamar  USDA  UFIIFAS (.
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Importancia relativa de medidas...
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Aplicacao de cobre

-

Controle de cancro citrico com cobre ‘49

Tipo: Cobre fixo (insoluvel)
Hidroxido, oxicloreto ou dxido cuproso
* Intervalo: 21 dias
« Dose: 40-50 mg Cu metalico/m3 de
copa até 1 kg de metalico/ha
« Volume de calda: 40-70 mL/m3

« Epoca: primavera-verdo, com base no
tamanho/idade dos frutos e brotagbes
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Fitoxicidade

Controle de cancro citrico com cobre ‘4!'

Cuidado com
misturas de
tanque e
temperaturas
@ clevadas

Franklin Behlau
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Resisténcia ao cobre

= Cancro citrico: X. citri subps. citri

5 'tl = Argentina, llha Reunido llha Mauricio (FRA) (Canteros, 1996; Behlau et
< al., 2011; Richard et al., 2017)

= Brasil: tolerancia

= Mancha bacteriana: X. alfalfae subps. citrumelonis

=  Flérida (Behlau et al., 2011)

FUNDECITRUS 4&
FUNDG OE DEFESA DA CITRICULTURA

Resisténcia ao cobre

Primeiro relato: 1983 — mancha bacteriana do tomateiro causada por X. vesicatoria

P syringae, X. perforans, X. gardneri, X. juglandis

Genes de R localizados em grandes plasmideos (300 kbp) /\ 3 |
~

Mas também no cromossomo

Mecanismos de R: efluxo e sequestramento de cobre

Genes: copLAB e copABCD

Aquisigao: transferéncia horizontal

11
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Resisténcia ao cobre

Pesst | Hey kid! Wama be a Superbug.”?
ick some. of this info your genome..
Even copper I.-.H:l'lf Ee aple 1o Iwm :,w'

_‘ FUNDECITRUS
s

Resisténcia ao cobre

Conjugacgao
Transferéncia de material genético a células
bacterinas ndao descendentes

12
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Resisténcia ao cobre

http://blogs.It.vt.edu/sequencingscott/2013/11/26/selecting-for-resistance/
=\ f \ f > \
e FPLP oo || —-— = — —
- o — —\= —

@@ normal bacterium <=0x9 dead bacterium
@ resistant bacterium

O cobre ndo causa a resisténcia

Apenas seleciona
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Resisténcia ao cobre

Genes de R presentes em plasmideos conjugaveis

o M = Marcador (Pantoea stewartii)
o D = Doador CuR (X. citri A44)
o R = Receptor CuS

o T = Transconjugante CuR

Behlau et al., 2012

13
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Resisténcia ao cobre

Genes responsaveis pela resisténcia

@6@96 Q@\é}o
& & @
%
¥ C-)
&S & LS ﬁ L P &

X. citri subps. Xce Add DDI—}TDDD.DWI—>

e Size (bp) 327 420 1872 1269 510 525 351 384 2322
citri

X. alfalfae subsp.
citrumelonis

Behlau et al., 2011, Applied & Environm. Microbilogy
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Resisténciaao gepes responsaveis pela resisténcia

cobre ) s
e Mutagao o &
@ =)
& &
'\\0%‘ o \Q
¢ o ? o "o P
S & LSS

g 2L >DDDDI 2

[ 2]
AA A AAA AL A AAAAA

[SCum] 300 20( 300

= Tipo selvagem Resistente: 300-400 mg L (sulfato de cobre)

= Tipo selvagem Sensivel: 50-75 mg L (sulfato de cobre)

14
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Res isté nc i aao Ocorréncia de COPL, COPA e COPB em Xanthomonas
CObre Evidence for Acquisition of Copper Resistance Genes
from Different Sources in Citrus-Associated Xanthomonads
TABLE 1. Bacterial strains tested for the prescnee of copper resistance gencs through polymerasc chain reaction (PCR) analysis using primers designed bascd on
y - s oopB geacsam hescag cgant Jenip af Neanghameanas dymsubsp. giss A4
Lowfor Msisance  _ POR product size (bpf

Organism? Strain Yeat® Source”  Copper resistance’ (mM CSPF copl coph copB
e 306 1997 (209 - 203 nla nla nla
Ar Bt 7 " Ths S ud, o nfa nla nla
Xig, ALTE 2008 [_Ciatiros B. 0, n/a na na
Xec AREL 2008 Canteros, B. 1. - +02 n/a n/a na
Xee ARe3 3008 Canteron B 1 . e s a0
Xeo ART2 2008  Canteros, B. . + +16 356 870 331

ALY 2008 Canteros, B. 1 + +16 356 870 531
X& ART 2008 Canteros, B. 1 + +16 356 870 531
Xac 1390 2000 (8) - nfa nla n/a
Xac 1382 2000  DPI + +16 356 870 531
Xac 1383 2000  DPI + 116 356 870 531
Xoc 7580, 2007 DPI + +12 356 870 384
Xig 226 2007 DPI + +16 356 870 531
Xac 20594 A DPL + 16 356 870 531
Xv 828 982 Stall. R.E. - +02 nfa /s nle
Xv i 1955 39) + +16 356 870 531
Xy RBYSd 1987 Cantcros, B. 1. + L6 356 870 531
X Xf56 d + +16 356 870 531
X X%t 1991 Jones,J. B. + +16 356 870 531
v V1288 Michigan o) B : s E
Xe 23 Flonda 1081 Sl R E . ey im0
Xe E3 Florida 1060 Suall R E. + +16 356 870 384
K« y - Florida 1075 Sull R.E. + +16 356 870
X ! Guadcloupe 1990 Jones, JB. + +16 356 870 531
Xe Guadeloupe 1000 Jones J.B. + +16 356 870 531
Xe Barbados 1990 Jones, J B, + +16 356 870 384
e (osta Rica. 1991 Jones J/B. + +16 356 870 531
¢ R 10 eyl y e 3 s
e, Pizol Ric 19 Tl L E 116 356 870
Xe US. Virgit' Islands 901 Jenes. ) B. + 16 356 870 531
Xe USS. Virgin Islands 1991 Jomes, J.B. + 16 356 870 531
Ne Spain nd fiones, J. B. + +1.6 356 870 384
P Wity 1992 [lojeny). &, toay 3% BP0y e
& Flesich 1992 Lo es )@, +1.6, 356 80, =
Xp Flonda 1991 Y30 - +0.2 n/a na na
b 17 Foada 2006 Sull R E : a2 36 8 W
Xe Xetht | ComtaRica 1001 Jones, 1 . ey i w0 s
b =% XiT Tty 2008y Duallai, B, . 46 356 870 531
Xa i) [ )iy “ots ) Gayi b y U w6 a0 s
Asp 15 Giio 19957 Yones, ). B. - 116 356 870 684
Xsp INAGD Florida 1084 (%) + +12 356 870 531
* Xce. X. citri subsp. citri; Xac, X. alfalfae subsp. citrumelonis; Xv, X. vesicatoria; Xe, X. euvesicatoriaz Xp, X. perforans; Xg, X. gardneri; Xaj, X. arbericela p.
fuglandis; and Xsp, Xanth sp.(1219, patl ; INAGO, hytic)
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Resisténcia Expressao de copLAB de Stenotrophomonas maltophilia
em Xanthomonas
ao CObre * copLAB de S. maltophilia conferiu resisténcia ao cobr:ee em isolados sensiveis de Xanthomonas

Tipo selvagem Cu$

Transconjugante
Contendo copLAB de
S. maltophilia

MGY + 200 mg L Cu

Behlau et al., 2012, Eur. J. PI. Pathology

15
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Resisténcia Monitoramento no Parana
ao cobre = Meio semi-seletivo MGY-KCH + Cu

= |solados tolerantes foram selecionados

FUNDECITRUS 4‘

Resisténcia ao cobre

= Aplicagbes de cobre levam ao direcionamento evolutivo da populagéo das bactérias

= Aquisicdo da R ocorre por transferéncia horizontal

Genes de R estao amplamente disseminados

Possibilidade de troca géncia entre populagdes de Xanthomonas e bactérias afins

16
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Antibiodticos

= Substancias produzidas por microrganismos que, atuando em baixas concentragoes,

inibem o crescimento ou a multiplicagdo de outros microrganismos (Waksman, 1945)
= Produzidos por fungos ou bactérias
= Acdo sistémica na planta
= Uso limitado na agricultura: resisténcia e facil degradagéo

= Principal formulagdo comercial: Agrinimica — Pfizer

17
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Antibioticos

= 50 % dos antibiéticos produzidos nos EUA sdo destinados ao uso humano (150 milhdes

de prescri¢des/ano)
= Mais de 40% é destinado aos animais para prevenir infecgdes

= Apenas 0,1% dos antibiéticos produzidos anualmente s&o usados na agricultura

McManus e Stockwell, 2001

‘ FUNDECITRUS 4’
FUNDG OE DEFESA DA CITRICULTURA

Antibiodticos

substrato

= Modo de agao:

v" Similaridade estrutural com substratos de enzimas

enzima

v" Interferéncia estrutural

Ex. inibigdo da sintese da parede celular antibiotico

= Principais: estreptomicina e oxitetraciclina

18
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Estreptomicina

= Produzida por Streptomyces griséus - 1943

= Liga-se ao ribossomo bacteriano, interfere no tRNA, erro de

leitura de codons e assim inibe a sintese de proteinas

= Maior uso: controle queima bacteriana das rosaceas - pera e

St DNEES

lstl t cin
o for Iniucti‘::w.l‘.'s.i’-

maca, Erwinia amylovora (fire blight) T
%al\:m Aminoghe
e oy Singue wial
= Algum uso: controle de cancro citrico - X. citri na FL e
= Resisténcia
FUNDECITRUS Ad
Gala 2010
Streptomycin 2X
Bloomtime 1x then Oxytet 1X
Estreptomicina T e ¢
queima bacteriana e
0 40 80 120 160 200
Gala 2011
Streptomycin 2X
Bloomtime 1x then Oxytet 1X
LS+FO 2X then Blossom Protect 2X
l;l 20 40 60 80
Golden D 2011
Bloomtime 1x u:n :::a': x
R
o 40 80 120 160 200

Fire blight strikes per tree

Figure 1. Examples of field trial results with non-antibiotic and integrated control of fire blight, Corvallis, OR

(K. Johnson, unpublished data).

http://www.tfrec.wsu.edu/pdfs/P2397.pdf
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Summary of Percent Control Relative to Inoculated / Untreated
Estre ptom i ci na Bars = Range  Red Mark = Mean Numeral* = Number of Trials
. . Strep + ASM ] 5 mem
que'ma baCterIana streptomycin 200 ppm i 9 #
Copper - new 9 e—
Starner (oxolinic acid) + 3
oxytetracycline 200 ppm { —* 15
A. pullulans (Blos. Pro.) i — 13
kasugamycin 100 ppm ] — 3
gentamycin 200 ppm i ) 6
Serenade (various) | (s 12
fungicides (various) i e—
copper hydroxide () 8
<5 pH acidic buffers N et
SAR products ) 8
mineral nutrients mee— 5
blight in inoc. check e — 1 5
0 10 20 30 40 50 60 70 80 90 10C
Figure 2. Summary of “percent control” of blossom infection in the past 10 years of similar fire blight control material
trials in eastern Washington. Not all are organic-compliant. [Strep: in; ASM= ac thyl; Blos. Pro.:
Protect; SAR=systemic acquired resistance; inoc.=inoculated]
http://www.tfrec.wsu.edu/pdfs/P2397.pdf
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= UTC a
. . < 80 {—— Cu treated trees
Estreptomicina £ 7 |== sm treated trees
Cancro citrico % 607 ab
1]
o 401
E 2 b
g 20 4 b 2b
E
0 0 b
g a
3 80
g 607 ab
b
3 407 .
£
201 a a
0
August October

Behlau et al., 2012
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Estreptomicina
Cancro citrico

Table 2. Spray treatment effects on foliar canker, diseased fruit, yield and percentage fruit drop due to canker for young Valencia
orange (Paranavai) trees in Parana State Brazil, 2006-2007

Product rate Diseased Yield per Fruit drop due
Treatment /L) AUDC: fruit (%) tree (kg) to canker (%)
Unfreated control — 189 ax 76.6 a 82.7 a 252 a
Copper hydroxide (CH) 0.25x 0.48 9.6b 45.0 be 133.6 be 15.4 ab
CHO0.5x 0.96 59b 56.2 abc 1344 be 134D
CH 1.0x 1.9 6.7b 49.8 be 147.0¢ 10.3Db
Streptomycin suphate (SS)y 24 10.8 b 66.6 ab 97.4 ab 18.6 ab
CHO0.125x + SS 024+24 91b 59.4 abc 106.5 abc 120b
CHO0.25x + SS 048 +24 89b 50.8 be 127.0 abe 134D
CH 0.5x / SS alternation 096/2.4 83b 63.0 abe 126.9 abc 135D
CH 1.0x/ SS alternation 19/24 89b 56.6 abc 113.9 abc 1400

zArea under the disease curve on foliage

¥15.0% streptomycin and 1.5% oxytetracycline

=Means labeled with different letters indicate significant differences among treatments at P < 0.05 level according to Tukey’s
test.

Grahametal., 2011

FUNDECITRUS
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Resisténcia a estreptomicina

= X. campestris pv. vesicatoria, Erwinia amylovora, Pseudomonas syringae
= Genes de resisténcia localizados

no plasmideo - genes strA-strB

no cromossomo: mutagdes

= Mechanisms

21
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Plasmid

Production of streptomycin
Imodifying enzymes

Resisténcia a

Chromosome

estrept0m|CIna Mutation that results in alteration of
the target sites for binding of
streptomycin on bacterial ribosomes

Effiue purrgs

AGA (Arg)

AAT (Asn)
AAA/’ "

(Lys) “===m AAC (Asn)
ACA (Thr)

Sensitive Resistant

Mechanisms of antibiotic plasmid-encoded resistance.

Mutation Horizontal transfer

FUNDECITRUS

FUNDO DE DEFESA DA CITRICULTURA

Oxitetraciclina

= Terramicina
= Produzida por Streptomyces rimosus - 1949
= Liga-se ao ribossomo e inibe sintese proteica

= Maior uso: controle queima bacteriana das rosaceas

pera e maga, Erwinia amylovora (fire blight)

= Algum uso: mancha bacteriana - Xanthomonas arboricola

pv. pruni em nectarina € péssego

= Resisténcia: +30 genes de resisténcia

22
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Oxitetraciclina
queima bacteriana

08/05/2017

P

Population (log cfu/flower)

E-9
-

L Streptomycin
| | i | i 1

T_- Oxytetracycline .
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Fig. 2. Colonization of detached flowers of apple by streptomycin-sensitive Erwinia amylovora strain Gllnal’ (A) or streptomycin-resistant
E. amylovora strain G1Inal'(pEa34) (O), after inoculation of stigmata and spraying with water, streptomycin (100 pg/ml), or oxytetracycline (200

60 O 20 40

60 0

Time after inoculation (h)

pg/ml). Bars represent two standard errors of the mean.
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Oxitetraciclina
Cancro citrico

20

40 60

Product rate

Treatment (gL) AUDC:
Untreated control -1 - 10.8 ax
Untreated control -2 — 11.1a
Copper hydroxide (CH) 0.125x 0.24 50b
CH 0.25x 048 53b
CHO0.5x 0.96 3.1b
CH 1.0x 1.9 370
Streptomycin sulphate (SS)¥ 2.4 28b
Oxytetraceycline (OT) 2.0 6.6a
Untreated control -1 26.0a
Untreated control -2 256a
Copper hydroxide (CH) 0.125x 0.24 125b
CHO0.25x 048 10.7 cb
CH 0.5x 0.96 69c
CH 1.0x 1.9 6.6¢
SS 24 10.2 ¢cb
Oxytetracyeline (OT) 2.0 257a

zArea under the disease curve on foliage

Graham et al., 2008
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OPEN @ ACCESS Freely avallable online “PLOS one

Resisténcia a
antibioticos Microbiome

Antibiotic Resistance Is Prevalent in an Isolated Cave

Kirandeep Bhullar', Nicholas Waglechner', Andrew Pawlowski', Kalinka Koteva', Eric D. Banks?,
Michael D. Johnston®, Hazel A. Barton?, Gerard D. Wright'*

Caverna isolada no Novo México, EUA

= Estudo mostra que a resisténcia a antibiéticos ¢ inata nas bactérias

= Das 93 cepas, a maioria era resistente a
mais de um dos 26 antibiéticos

= Bactérias patogénicas R poderiam adquirir
caracteres genéticos ja em circulagdo no
ambiente

= Averdadeira fonte de grande parte da
resisténcia sdo bactérias inofensivas que
habitam o ambiente

FUNDECITRUS

FUNDO DE DEFESA DA CITRICULTURA

Indutores de resisténcia
Imunizagéo
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Indutores de resisténcia
= Indutores resisténcia sistémica adquirida (SAR inducers)
= Agente bidtico ou abidtico
* Neonicotinoides (Imidacloprido, Thiamethoxam): inseticidas contra psilideo € minador
* Acibenzolar-S-methyl - ASM (Bion): analogo do acido salicilico
= Amplo espectro, duravel
= AcUmulo de pathogenesis-related proteins (PR)
= Produc&o acido salicilico (este também induz SAR) - sinal

= Produgdo ROS - Oxygen Reactive Species (H,0,)

FUNDECITRUS

FUNDO DE DEFESA DA CITRICULTURA

Indutores de resisténcia
* Aplicagéo: drench; tronco
* Preventivo, acdo sistémica

+ Em citros, pomares jovens
(até 2-3 anos)

* Restrigoes:

v’ Solubilidade

Thiamethoxam
v' Degradagao

v Momento de aplicagao Fonte: Graham, J.
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Indutores de
. A . Table 4
reS |Sten C|a Incidence of canker infected fruit on 5- and 6-yr-old ‘Ruby Red’ grapefruit trees treated with different soil applied SAR inducers
Cancro Citrico and 21-day interval sprays of copper hydroxide
Treatment® Total incidence (%)
5-yr 2013 6-yr 2014
1. UTC 57.2a° 89 a"
2. ASM-L 352b 69b
3. ASM-H 29.0 be 61c
4. ASM-H 194 ¢ 46 d
CH spray
5. THIA-IMID-CLOTH-CLOTH-IMID 25.4 bc 62c
6. THIA-ASM-IMID-ASM-IMID 31.2 bc 39¢c
7. THIA-ASM—IMID-ASM-IMID 216¢c 43d
CH spray
8. CH spray 28.4 bc 46 d
Graham e Myers, 2016

FUNDECITRUS Table 4 4§
AL Vi e Incidence of leaves with symptoms of citrus canker and growth of 3-yr-old ‘Ray
Ruby' grapefruit trees treated with different soil applied SAR inducers and 21 day e
interval sprays of copper hydroxide andfor streptomycin at Ft. Pierce, St. Lucie
Indutores de County, FL.
. A . No. treatment  No. of Amount (g a.ij) Canker-infected JChange in stem
rESIStenCIa applications per tree per leaves (%) diameter (mm)
C ,t . application
ancro Citrico A= ~ ~ 26 e
2 ASM drench” 4 0.1 139cd 4.9 a
3 ASM drench 4 0.2 89d 6.0 a
4 ASM drench 8 0.1 182 ¢ 4.4 a
5 THIA drench® 2 0.25 83d 4.9 a
IMID drench” 0.75
6 THIA drench 2 0.25 81d 5.7 a
ASM drench 3 0.1
IMID drench 2 0.74
7 THIA drench 2 0.25 8.8d 5.2 a
IMID drench 2 0.74
CH spray® > 19 * Untreated check.
8 IMID drench 2 0.1 56d 4.6 a b Acibenzolar-S-methyl.
9 IMID drench 1 074 108d [+ 2 ¢ Thiamethoxam.
S0 0z |G ROY < o
. A & e 1
CH spray 10 1.9 f gﬁ.];p?;l:ygﬂ?x'de’
12 IMID drench 1 1.49 56d 4.8 a P ven.
CH spray 10 19
13 CH spray 10 1.9 7.7d 5.6 a
Graham e Myers, 2013
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Summary of Percent Control Relative to Inoculated / Untreated
Ind utor de resisténcia Bars = Range  Red Mark =Mean Numeral* = Number of Trials
. . Strep + ASM i i 5 mem
que'ma baCterIana streptomycin 200 ppm i 9 #
Copper - new 9 e—
Starner (oxolinic acid) L <]
oxytetracycline 200 ppm ] ——— 15
A. pullulans (Blos. Pro.) i * 13
kasugamycin 100 ppm ] — 3
gentamycin 200 ppm i ) 6
Serenade (various) () 12
fungicides (various) e— i
copper hydroxide () 8 .
< 5 pH acidic buffers e 4
SAR products ) 8
mineral nutrients ele— 5 i
blight in inoc. check e — 1 5
0O 10 20 30 40 50 60 70 80 90 10C
Figure 2. Summary of “percent control” of blossom infection in the past 10 years of similar fire blight control material
trials in eastern Washington. Not all are organic-compliant. [Strep: in; ASM= ac thyl; Blos. Pro.:
Protect; SAR=systemic acquired resistance; inoc.=inoculated]
http://www.tfrec.wsu.edu/pdfs/P2397.pdf

!:!',"!B,E.E.ITP!.’ﬁ Table 4. Effect of foliar applications at 21-day intervals for cuprous (Cu) ox-
ide, cuprous oxide/zince (Zn) oxide, and Zinkicide formulations on incidence
of citrus canker on fruit of 6- and 7-year-old ‘Ray Ruby’ grapefruit trees at
Vero Beach, FL in October 2014 and 2015*

Incidence Incidence
FUtu ro Trial year of old of young Total
i Treatment — rate lesions (%) lesions (%) incidence (%)
Oxido de zinco - Zinkicide 3
2014
Potential of Nano-Formulated Zinc Oxide for Control of Citrus Canker Untreated check 45a [8a 63 a
on Grapefruit Trees Cu oxide — 1.12 17b 44b 21 b
Cu oxide/Zn oxide — 0.56 16b 8.8b 25b
Zinkicide SG4 - 0.56 30¢ 6.2b 92¢
Zinkicide SG6 — 0.56 46¢ 24b 7.0¢
2015
Untreated check 23a 37a 60 a
Cu oxide — 1.12 10 be 20b 29 b
Cu oxide/Zn oxide — 0.56 8.2 bed 13 cd 21 cd
Cu oxide/Zn oxide — 0.28 9.0 bd 14 ¢ 23 ¢
Zinkicide SG4 - 0.56 6.2 bd 11 cd 17 de
Zinkicide SG6 — 0.56 5.6d 10 ¢d l6e
Zinkicide SG4 - 0.28 5.2d 8.4c 14e
Zinkicide SG6 - 0.28 I1b 13 cd 24 ¢
- _____________-
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