Introduction to
Fungicides




What Is a disease?

ARy fierece that interupts the nermnmal
grewtih efi a plant:

May e bietic (alive) e aviotic (net alive)




Biotic Diseases

Viay: e any livingl organismi such: as animals;
PIrd, INSECts, parasitic nematedes, hactenal,

fitngal, viral, etc.

Many. of these: erganisms may: be helpftul as well
as harmiul. SelllEeed Web

Growers should seek torenhance: those
erganisms Which helprwhile suppressing these
that harm.

Today we willfdiscuss controeliagents usedi to
SUpPpPress pathegenic filngl.




Wihat ISi a fungicide?

Anragent that Will Kill;, repel e prevent or
ethenvisermitigate a ftiRgus.

It may; be naturally denved, bie-ratienal; a

pielegical extract (Imedified);, reduced risk
manuiactured o chemical.

May: berProtective o Curatyve in nature







Sclerotinia White Mold

Vinclozelin




Biolegical Fungicides

Wihat are Bioclegical flngicides?
According te USDA, mey.are
pvenericial Funglana Bacterna Wil allack:

ara. cono) pIant Patiogens anad. tie
a/Sease WiilcH. ey, calse

BCO = Bielegical Control Organism




How Do Biological Fungicides Work?

Direct Competition

Antibiosis

Predation or parasitism

Induced resistance of host plant




Direct Competition

Most associated with soil borne pathogens

If the good guys live in the rhizosphere, the bad
guys won'’t find a room

Inoculate before infection by pathogen occurs

“Biological Control Organism” must become
associated with roots or rhizosphere

This area is nutrient rich, a food source
Generally BCO must be present in large
numbers to compete




AntibIosIS

Antibiosis involves the production of toxins
which inhibit the growth of the pathogen.
Once the pathogen enters the root,
antibiosis may have no effect.

BCO may have antibiosis and antagonistic
abilities.




Predation or Parasitism

Predation or parasitism is when the BCO

attacks and feeds on the pathogen.
Again the BCO must be present before the

pathogen invades

Mycorrhizal inoculants usually last the season
ReWeEVer Bactenal ineculants shouid ke reapplied

eveny 2-3 Weeks.
Frichederma moves vertically: more than
noerizentally.




Induced Host Resistance

Once attacked a defense system kicks In.
Not an Immune system, but internal
biochemical warfare to inhibit infection
Host plants are purposely inoculated to

Induce this resistance. The BCO is the
trigger.




Advantages of Biological Fungicides

ney help reduce chemical use

ney help in resistance management
ney are mostly safer to use than
nemicals

ney have lower REI s In most cases
ney are generally less phytotoxic
May enhance growth by other means




Disadvantages of Biocontrol
Fungicides

Tend to be more difficult to implement

Generally have a narrow target range

May not work as quickly as chemicals

Do not eradicate pathogen or rescue the host plant
May have a shorter shelf-life

Generally more expensive

May not be compatible with chemical fungicides
or bactericides

Environment may be inhospitable for BCO
Other microorganisms may be hostile or too abundant
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Wy Is this plant wWilting?

What Is the Weed growmg next to the crown’P
s




Bactermal Wit
Common Ragweea




Keys To Successful Use of Bio-
Fungicides

Must be used In conjunction with good

cultural practices
Must be applied before the onset of

disease
Often need to be reapplied during the growing
season

Growth- Will gain a little in optimum soils but
will Improve results in suboptimum conditions




Trichoderma harzianum (TH)

T22 strain 1s In Plantshield, Rootshield &
Compete.

Uses antibiosis and predation against soill
porne pathogens such as Pythium,
Rhizoctonia, Fusarium and Sclerotinia.




Competes Plus

COMPREHENSIVE MICROBIAL TREATMENT FOR INFERTILE SOILS
DESCRIPTION

Compete® Plus is a dry, water soluble microbial ineculant containing a wide range oii beneficial rhizosphere
micrebes including

bacteria (61 species oi Bac/lus), ungi' (/rchioderna), and actinemycetes (Streptoniyces), selected fox their
Taverablerimpact oni soil

fertility and structure. Compete®; Plus will' intreduce: a mixed micrebial populationi tor biclogically depleted soils.
Successful

establishment eff beneficiallmicrebial flora Is an Important component of fertile soils.
PRODUCTSPECIFICATIONS
Rhizesphere Bacteria

50! Millien| ctu/a; Bacillus: licheniiors

50 Millien| ciu/a, Bacillus: megaterium.

50 Millieni ciu/a, Bacilus: polymyxa

50 Milliens ciu/g, Bac/llus: subtilis

50 Millienr ciu/a, Bacilus: tiurngIensss

S50 Millien' ciu/g' Paernibacillius azotonxarns;
Rhizesphere Actinemycetes

1-Millien ciu/a| Streptomy/ces griseovirals
FUngi

10 Millien clu/al Trichiodenmia harzianum
Soluble Humate: Extract

17% Humic acids

Sugar (dextrose)

Sea KelprExtract

Maltedextrin

Yeast Extract

Inert Ingredients




Delivery of Biological Control
Organisms

DIRECTIONSFORUSE

Area Treatment for Flower Beds or
Gardens: Mix with water to apply 4-Lbs
per acre (1-Lb per 10,000 sqg ft) initially.
Follow with

water application to rinse product into the
soil. Thereafter, apply 2-Lbs per acre (1/2
Lb per 10,000 sqg ft) every 2 weeks.




BCO Attack Strategy?

Root and crown rots should have product
applied before planting clean materials
Foliar sprays applied before onset of
disease, or before disease conditions
become apparent

What is the best delivery method/timing
for the products?




Some of the Registered Bio-
Fungicides/Bactericides

Cempanion... Bacllius suphls...Seil Boerne diseases

Kodiak... Bac/llus: subtils...Soll berne diseases

Blant Shield:.. Wichoaernma narzigrnumili-22...Sell & foliar disease
Trichodex...Trichoderma harzianum...Soil borne disease
Mycestop... Streptoniyces grseovirals K-64...Soll 9ere: disease
SollGard... Glioc/adim: virens GlL-24....Soll herner disease
Faegre:.. Bac/iys suphls amyloligueiaciens EZB24...soll disease
Actinovate...Streptomyces lydicus...Soil borne disease

AQ-10... Ampelomyces: guisqual/s M-10...Bowdenry Mildew

And many: others




Seft Chemicall Eungicides

Alired C. Hottes" A Littie ook o1 Clmbig.
Plants, published in 19353 By the AL . De
L& Viarie: Co. off New Yoerk, made mention
O USINGg one eunce of haking seda Per
gallon off water te; contrel powaeeny: mildew
(P on' climBing reses. e author credits
theridea te a Russian plant pathelogist.




Baking Seda plus; Hort Oil

Coimell hasifocused on controlling fitngal
dISeases oni cucunIts. A Single spray: application
(10 el oiif 0.5% (Wi./Vol. eff Water) baking
seda, plus’ 0.5% (Vol:/vel. eff Water) SunSpray
UEP®@rhorticultural ol almoest conpletely
Inhbited PVIFenRrheavily infected pumpkin fieliage.
Baking seda WItheUt spiay’ el Wasi Ineffective,
and a 2% (WL./vel. eff Water) selutien eiff haking
soda damaged the leaves;

JMS' Stylet Ollfis registered OMRIF & reduced risk




Potassium Bicarbonate for PV

I 1996, Pr. Herst at Cornell discovered that
Poetassium: Bicarienate: s, superor ter Seadium

picarh (baking soda) fer controlling) Pewdery
Mildew: e CUcUrdILS.

1998, Chureh & Dwight Ce. (the manufacturer of
Armi & Hammer™ Baking soda) received EPA
registration for Armicara L100®& WHRICH IS ROW,
carried by Helena. Others; include EirstSteps by
the WLA. Cleary Chiemicall Co, & Remedye, Y.

Bonide™:
ARMICARB‘
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Fhat was, Dewney: Milaew




Other Biolegicals & Soft Chemicals
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eveny 7-10 days f
Compost Teas....every 2-7 days . .
Zeroliol & ethers




Harpin Protein

Messenger STiS from EDEN 390 WIDGE

4-6 07 Per Aclie stimulates; a plants nauural
defenses against stresses.




“Conventional™ fungicide definitions
EUngicides; defined by their MOA

Protectant — Surface Active - prevents fungus fem Infecting plant
Curative — Penetrant - kills; active fungus usually i the plant
Contact — works outside — surface active

LLocal penetrant — penetrates a litle

Tiranslaminar — meves Without plant — gasses ofif

Penetrant — penetrates a lot

Systemic — enters; sap steam

Acropetal penetrant — moves; up

Basipetal’ penetrant — moeves; dewn

rue systemic — moves up & down

Plani sterels — plant fats

Eungal sterols — enzymes used! by fungus

Quinone: - Anienzymatic cofactor that plays'an Iimportant rele in
photosynthesis and respiration. More specifically, It is part of the electron
transport chainiin mitochoendria and chloreplast memiranes.




Group 7 & 11 Fungicides

Qol = Quinone outside Inhibitors

Strebilurn fungicides are highly effective yet considered to be at
very, g risk- ol falure due te disease resistamnce.

Work by respiration innibition —intermupts electron transport or
signal chain

INarrew: site: plan -Always: alternate with' a different group
Do net exceed 6 applications per year

“Reduced Risk™ due to low toxicity, EF, etc

Penved firen a fieldrebtaimed natural 1selate

Penetrates cuticle so weather fast & leng| lasting hemnce
Very goed preventive properties. Peor curative.




AZoXy/stronin

Fhefirst Group: 11 Strepilurn fungicide
Amistar 80%................ 3.5-5.0 oz/Acre
Quadris 22.9% 11.0-15.4 oz/Acre

Heritage 50%............... 3.2-8.0 oz/Acre
IHertage: L 8.6% U Only,

) 4 Heritage




Trfloxystrobin

Group 11 strebilurn fngicide
IR B 0T 0 v mveesr B d e o 1.5-4"0' oz/Acre
Compass s0%

Downey & Powdery Mildews: only. en cUucuidits:, Site alhsorbed, minimal
transiaminar moevement.

FLINT




K

PVIracliostrenin i

Group: 11 streplurn iungicide

Caprie 20% (Cucuraits OK)
iHeadline 23.6%) (Ag. No Cucurnits)
Insignia 20% (/&0 Nor CucurnIts)

One poundl per acre net moere. than: 4x per year.
Alternara, Antracnese, Cerospora, Gummy: stem
plight; Plectesporium, Powdery Mildew: & Target
eai spot.

Ralnfast I 2 hours due te unigue: penetration

Do noet tank mix with Malathion, Kelthane, Thiodan, Phaser, Lannate, Lorshan,
M-Pede, or Bortran or crop Injury may: eccur.




Famoxadone

DUPent:s entry te; the: strokiltihnrmalket
Fanos; IR cembination With: cyimoxanil
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Angular LLeal Spot

©On 845 Bohler

Photo Ray Leonz




Boscalid

Group 7 analide: fiungicide
Endura 70% \WIDE Ag not Cucurhits
Emerald 70% WIDG 1i&0 enly.




Pristine (Pyraclostrobin + Boscalid)

Excellent Powadeny & Dewney: Mildew
controel

12.5 — 18.5 0Z/Acle up to 4% Per year

Group 7 & 11 fungicides combined for
enhanced & braee efficacy

- -
—)Pristine




Sovran

New: group: 11 by BASE
Kresexim-metayi

IRhIeItS spore germmination, sporulation, &
mycelial- growii enrleai: surface.

Peme firuits, grapes & nuts.
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Powdenry: Mildew.

Chapel St School

Phote S. Jepsen




C— Disease severity

Foliar infection (%)

no disease

.l

complete defoliation

10=

Figure 1. Evaluation of Fungicides for Control of Powdery Mildew of Pumpkin, 2003.
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Contact Fungicides

Multi-Site: Contact Actvity.

fhese fungicides act te kil the fungus by,
evervaelming it withrmaterals that ane
POISEROUS oM.

hese fungicides are; primarily based on

INOrganics such as alluminum, copper, and
sulfulr, and upoen the dithiocarbamaies combined

with zinciand Mangamnese IS,
Low risk: eff resistance bulldup.
MUSE lbe present before infection Begins




Pretectant Fungicides

INereanICs (Cepper and sulfitir)
arematic Ryarecanions
Ritrles

caramates

phenylpyriels

Hydroxyanalids

Can l9e: a systemic it the molecule has fungistatic
PropPErties or Works on speres/mycelia. But must
e present on plant before disease inoculation.
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Bacternal Wit & Powdery: Mildew

Seaweed Only twice a week plus fisiience a
Wweek didin't CUt It

Photo S. Jepsen




Copper fungicides

Copper ammoniun complex (Copper-Count®-N;, etc)

Copper hydrexide (most common - Kecide, Nu-Cop, Ridomil Copper, etc)
Cepper exychlorde (Chemspray, Chem-Real’s Best 4, etc)

Copper resinate (lenn-Cop 5E, paints, etec)

Cupper suliate (Basi-Cop, CP, Tri-Basic, Berdeaux: Mix, etc)

Primarily used for bacteriall & some fiingal diseasesi (Angular Lealr Spot &
Doewney Mildew: uses: mostly)

Poor mammalian texicelegy profile & envirenmental persistence Is cause fol
COPPEYN fungicides lack of popularty.

Sulfur fungicides are Primarily for Powdery: Mildew: at low temperatures.




Aromatic hydrecalinens

Pichleran (Betran 75)
Chiereneh (Chlerenel; Teranen)

Etiidiazele: (Terrazole)
PCNB' (Koban, PCNB;, etc)




Nitriles

Chilerethalenil’™— the “wWork horse”

Brave WWeatherstik, Daconil, Echo 90DE & 720,
Equus 720 SST, etc

Destroys enzymes needed for fungus ter respire

Labeled e every: majer fungal disease ofi
CUCUIFRITS.

6 b Elow =1.5 — 2 Pints/Acre (.5-.7 oz/gal)




Carbamates

EBDC fungicide ence: thought carcinegenic
Mancoezebh (Dithane, Pentathlon, etc)....OK Cue

JUunRction IS mancezeh plus copper hydrexide
Thiram

Mancozeh ISk an Impertant cucurdit fungicide especially’ fer Dewney.
Mildew,, Gummy: Stem Blight, Cerespora |leal’spot, Anthracnese &
Scal.

Subject te weathering off leaves. Must e present before inoeculation by,
disease.




phenylpyiIiroles

fludioxonil (Maxim, Medallion) for seed &
soil borne damping off & seedling blights

fenpiclonil (Beret Dust) New Zealand




Hydroxyanallias

Eenhexamidr (Elevaie)




Dicarboximides

Iprodiene (Diva, Rovral, Chipco 26019, 26: G, etc.)
Vinclozelin (Renalin EG, Ornalin; Teuche)
Captan (Captamn — moestly:seed treatment)

Blights, melds & leal spots especially: Sclerotinia White
Meld in Canpola.

This class)Is wWhere: filngicides Begin| ter penetrate tissue.
Vinclezolin Is considered a local penetrant

Inhibits membrane synthesis and promotes the oxidation
of fungal lipid (“fat”) molecules.




Sllde 50 BONUS sz

'"1 "":"F" ; N v

..laf . "q .




Gummy. Stem Blight




Sterol Inhinitors, (trazoles)

Triazeles - the big group — aka DM
Imidazoles
Pyrmidines (Rubigan, etc)




Triazoles

pitertanoll - Baycor

cy/preconazoler Alie

difeneconazele Scere

epoxiconazole Allegrer (+ kresoxim methyl), Opus
flutratel Vincit (= 1nazalil)

fitisilazel Nustar

myclebutanil'—Nova, Systhane, Eagle, etc THE GOLDISTANDARD
paclehuirazol Cultar (alse a PGR)

PENCONazole llopas

propicenazele — Tilt, Banner, etc

tebucoenazele Ealicur, Orius, Raxil

tradimeron - Bayleton, Miltek

triadimenoll Assure (&= carlbbendazim), Baytan Universal (== imazalil +
fuberidazole), Cereous




Imidazoles

Imazalil’-"Bayian Universali(G:tradimenol
+ fuberidazole — seed treatment),
EUngafior (posthaivest fungicide),

Menceren: IM ((Epencycuren), Vincit
(GElutrialnel)

prechloraz - Mirage, Octave, Spoertak
NOt Important fer cucurIts




Demethylation Inhibitor (DMI)
fungicides such as triazoles and

Imidazoles

Inhibit the biosynthesis of sterol in fungal
membranes. (Sterol Inhibitors)

There are five classes of these sterol

biosynthesis inhibitors (SBI) encompassing
44 different active ingredients.




VMiethyl Benzimidazole Carlbamates

Benemyl & Thiophanate-metay
Single site: activity sor prene torresistance

Mitosis inhibiting chemicals

NOI prrevVERtVE Properties. Cani el Welk
O active: disease.




Phenylamides (PA) fungicides

metalaxyl-M (mefenoxam) Subdue
Inhibits the synthesis of nucleic acids, both DNA and RNA.

Apply phenylamides preventatively when disease level is low, but
disease risk is high. Do not apply phenylamides when disease has
become obvious.




True Systemics

Phiesphonates such as Aliette: (aluminun trs),
llopaz, etc

Many: phesphenate fertilizers offer similar results
Poetassium: PResphites are alserconveried

lllegal 1 US te claim: fungicidal activity: ofi P ferts
Used for Bythitm: damping efifi & Phytephthora




Powdery Mildew Fungicide

ww

Sullur

> @




Take Home Points

Utilize: cultural practices to reduce pathegen pepulations Whenever pessible.
Use as many fungicide classes asipossible injthe disease management program (3-4 min.).
Use fungicides protectively befiore disease has hecome a problem.

DO Not Use resistance-prone compounds to attempt to get a powdery mildew epidemic under control.
Horticultural oilsiand carbenates are the best eradicative fungicides.

Don't make moere than 3f applications ofi resistance-prone fungicide classes in a grewing| Season.

Always anticipate upceming weather. s the next fungicide a good protector or eradicant?

Adjust spray velume: lhased on canopy: develepment te attainrexcellent spray coverage.

Use spray adjuvants; that maximize cuticler penetration.
Make ne more than 2 consecutive applications off DM, guinoline, or strebilurn fungicides in a rew.

Do include lew: resistance risk compounds sulfurs, canbenates, and petroleum spray oils in' the spray
program as much and whenever poessible.

Only apply fungicides during good conditions for spraying
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