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Stone Fruits

+ Members of the
genus Prunus,
family Rosaceae

« Fruit is a drupe
(one-seeded fruit
with a hard,
woody endocarp
surrounding the
seed)
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Class Pathogen Common Crop Reference | Remarks
Name Name

MBC Bl 1 Cladosporium carpophilum Scab Peach, Chandler et al. Field
Nectarine 1978
MBC Bl 1 Coccomyces hiemalis Cherry leaf spot Cherry Jones & Ehret Field
1980
MBC Bl 1 Monilinia fructicola Brown rot Stone Whan J H 1976 Field
fruits
MBC Bl 1 Sphaerotheca pannosa Powdery mildew Peach Jarvis & Slingsby Field
1975
Qol C3 11 Fusicladium carpophilum Leaf spot Almond Foerster et al. Field
2009
Qol C3 11 Monilinia laxa, M. fructigena, M. Brown rots Stone Meissner & Lab
fructicola fruits Stammler 2010
Dicarboxo E3 2 Monilinia fructicola Brown rot Stone Penrose et al. Field
mides fruits 1985, Elmer and
Gaunt 1994
DMI Gl 3 Blumeriella jaapii Leaf spot Cherry Proffer et al. 2006 Field
DMI Gl 3 Monilinia fructicola Brown rot Stone Nuninger-Ney et al.  Field
fruits 1989, Elmer et al.
1992
DMI Gl 3 Sphaerotheca pannosa Powdery mildew Nectarine Reuveni 2001 Field

SDHI C2 7 Monilinia fructicola Brown rot Peach Amiri et al. 2010 Field



Pathogen Crop Reference

MBC B1 1 Monilinia fructicola Brown rot Stone Whan J H 1976 Field
fruits
Qol C3 11 Monilinia laxa, M. fructigena, M. Brown rots Stone Meissner & Lab
fructicola fruits Stammler 2010
Dicarboxo E3 2 Monilinia fructicola Brown rot Stone Penrose et al. Field
mides fruits 1985, Elmer and
Gaunt 1994
DMI Gl 3 Monilinia fructicola Brown rot Stone Nuninger-Ney et al.  Field
fruits 1989, Elmer et al.
1992

SDHI C2 7 Monilinia fructicola Brown rot Peach Amiri et al. 2010 Field



Brown Rot of Stone Fruits

<Monilinia fructicola
+Monlilinia fructigena
sMonilinia laxa
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blighted blossoms
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Products for blossom blight and brown rot control

<« Bravo, Equus (chlorothalonil; blossom blight only)
« Vangard (cyprodinil; blossom blight only)

+ Scala (pyrimethanil)

<+ Captan, Captec

<« Abound (azoxystrobin)

« Pristine (boscalid + pyraclostrobin)

< Orbit, Elite, Nova, Indar (DMI’s)

<« Rovral (iprodione;blossom blight only)

<« Topsin (thiophanate-methyl)

+ Elevate (fenhexamid)



Combined risk: 1 = low, 2-6 = medium, 9 = high

benzimidazoles
dicarboximides

phenylamides

carboxanilides
DMIs
phosphorothiolates
anilinopyrimidines
phenylpyrroles
strobilurins

coppers
dithiocarbamates
melanin inhibitors
phthalimides
sulphur
SAR-inducers

basic
fungicide
risk e _
basic
disease
risk

>

low (1)

medium (2)

high (3)

seed-borne

(eg. Pyrenophora,
Ulstilaga)
soil-borne

(eg. Phyraphthiora),
cereal eyespot
cereal rust

rice sheath blight

harley
Riynchosporinm
wheat Seprovia

apple scab
banana Sigaroka,
cereal powdery
mildew,

grape Botryris,
potato blight,
citrus Peniciflivn,
rice blast

www.frac.info
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Evolution of fungicide resistance:

guantitative resistance

individual . -
initial selection . new, selected
population population
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Evolution of fungicide resistance:

gualitative resistance

initial selection new, selected
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Benzimidazoles

- Benzimidazole high-level
resistance is due to a point
mutation in the beta-tubulin
gene. An E198A mutation in
the beta-tubulin gene has
been observed in SC, M|, and
CA. This is widespread in the
Southeast.

- A low-level resistance due to
a Histidine to Tyrosine at 6 has
been reported in CA only.



Benzimidazole Resistance 1n Peach

+ Resistance was first reported in S.C. orchards
In 1976.

+ Wide-spread losses were observed in 1982.
« Strains may persist for long periods of time.

« “Careful, well-informed management may
permit the effective use of benzimidazole
fungicides in some localities, . . ., but assays
for resistance should be done prior to orchard

use.”

E. Zehr, (1991) Plant Disease 75:590-593.



Dicarboxamides

e Resistance has been reported in South Carolina and
California.

 The resistance mechanism is presumed to be the
same as that observed in other systems (histidine
kinase inhibition — osmoregulatory system).



Table 1. Range of sensitivity of 1solates of Monilinia fructicola to propiconazole before and after
repeated propiconazole applications in South Carolina peach orchards?

ECsy (ng/ml)°
Source of isolates Isolates (no.) Range Median Mean Mean 7
Musser Farm, mitial® 44 0.02-0.15 0.03 0.04 92.0
Musser Farm, 1993 52 0.01-0.19 0.03 0.04 01.4
Musser Farm, 1994 39 N.01-0 0.04 0.05 90.3
Musser Farm, 1995 51 0.06 0.18 82.1
Anderson County, 1995 58 0.01-2.62 0.02 0.12 84 .4
Anderson County, 1996 61 0.01-2.00 0.04 0.12 89.5
Commercial peach, 1995 47 0.01-1.82 0.085 0.15 86.2
Commercial peach, 1996 29 0.02-1.09 0.04 0.13 84.2

3 Musser Farm site received no demethylation-inhibiting (DMI) fungicides prior to 1993 but was
spraved 29 times with propiconazole from 1993 to 1995. Anderson County site recerved 27 DMI
fungicide applications interspersed with 11 dicarboximide applications from 1989 to 1995. In other
commercial orchards, DMI fungicides were the principal fungicides used.

b Concentration of propiconazole in potato dextrose agar required to suppress radial growth of myce-
lium 50%.

¢ Isolates collected before the first application of propiconazole.

Zehr et al. Plant Disease (1999) 83(10):913-916



Table 2. Characteristics of Monilinia fructicola isolates from South Carolina and Georgia and their sensitivity to propiconazole

Origin of isolates®

EC;, values (ug/ml)

Year of No. of Sensitivity
State County Orchard isolation isolates Range Mean¥ factor®
GA Crawford DF 2002 12 0.012-0.913 0.216b 76.1
GA Hall JO 2002 12 0.011-0.035 0.027 a 3.2
GA Macon AP 2003 8 0.007-0.435 0.224b 62.1
GA Peach DLO3 2003 18 0.003-0.950 0.021 a 316.7
GA Peach LO 2002 11 0.019-0.217 0.081 a 11.1
SC Anderson DL 2001 33 0.012-0.054 0.025 a 4.5
SC Anderson EZ 2001 9 0.003-0.014 0.010 a 4.7
SC Edgefield SY 2001 15 0.003-0.027 0013 a 9.0
SC Saluda CCoz2 2001 13 0.002-0.034 0.014 a 17.0
SC Saluda CCo3 2003 21 0.001-0.074 0.036 a 74.0
SC York BS 2003 31 0.005-0.049 0.022 a 9.8
sC York MC 2003 14 0.015-0.175 0.047 a 11.7

Table 3. Effect of propiconazole treatments on brown rot disease incidence on peach fruit

Relative disease incidence (9 ¥

Propiconazole (liters/ha), protective treatment

Propiconazole (liters/ha), curative treatment

Isolate ECz value® 0 0.1 0.3 0 0.15 0.3
DL71 0.02 100.0 545a 42.2a 100.0 21.0a 143 a
DL72 0.02 100.0 58.7 a 424a 100.0 252a 150a
APS 0.42 100.0 854 a 72.9 ab 100.0 60.4 b 32.7 ab
AP6 0.43 100.0 893 a 86.6b 100.0 83.7b 422b

¥ ¥alues within a column followed by the same letter are not significantly different based on an ANOVA followed by Fisher’s protected LSD (P < 0.05).

Values are means of three independent experiments and are shown as percentage of the control.
* The 50% effective dose (ECsp) values were determined in mycelial growth tests and represent means of three different experiments.

Schnabel et al. Plant Disease (2004) 88(9):1000-1004
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2005 Peach Data

Brown rot incidenc
4 days after harvest
46.

Treatment and rate/A

2a

M. fructicola has
developed resistance
to DMI fungicides.

41.7 ab

Alternation or
mixtures might
overcome DMI
resistance.

3.6EC 411 0Z (3econd SPTaV) weeeeeeeeeeeeeeeeninee e aeeanne

8WG 14.5 oz (two applications).......ccceeeeeeeiieenniae e,

* Means followed by the same letter within each column are not significantly different accor
fest.

Pristine (boscalid) is
a critical component
of resistance
management
programs.

Brannen et al. F&N Test Reports (2006) 61:STF001



Drug

Acero et al. Int. J. Mol. Sci. (2011) 12:795-816
* Drug
Secreted .
@ enzyme
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Drug Target Substitut’s
| Target
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Simplistic model of the upstream region of the MfCYP51 gene in M. fructicola isolates.

L >P2< 1

CTTTTTACACACCGCTCTTTTAGTTATATATACTCCTCCTACTACTCCGTAGTAGGAGCAGAGTAT
Mona in DMI-R isolates

Y4 V4 I |/ —
© — 2 MfCYP51 (1680 bp)
&S] ~ =
= = =
= =

*A few DMI-R isolates from NY (Cox et al.), PA (peach, unpublished), MD (peach and
cherry, unpublished) did not contain Mona.

Luo C, Schnabel G Appl. Environ. Microbiol. (2008) 74:359-366



2006 Peach Data

Brown rot incidence* (% symptomatic fruit)

Treatment and rate/A 4 days after harvest 7 days after harvest

* Means followed by the same letter within each column are not significantly different according to Fisher’s protected LSD
test (o = 0.05). Analysis is based upon square-root-transformed data, but back-transformed data are shown for better
interpretation.

Brannen et al. PDMR (2007) 1:STF003

Increased rates of DMI fungicides, such as
fenbuconazole found in Indar, will overcome
DMI resistance.
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B unireated O propiconazole
B tebuconazole fenbuconazole

a a

Disease incidence (%)
N
=
1

GADL133.04 GADL193.04

(A) Isolate

Disease incidence (%)
fn
=
1

b b
0 b .
SCDL71.01 GADLI133.04 GADL193.04
(B) [solate

Fig. 2. Effect of protective (A) and curative (B) applications of fungicide treatments on brown rot incidence (%) caused by Monilinia fructicola 1solates in
detached fruit expenments. Different letters above bars indicate sigmficant differences at P = 0.05, using a least significant difference test.

Holb I, Schnabel G Crop Protection (2007) 26:753-759



Table 2. Effect of protective and curative applications of fungicide treatments on brown rot incidence caused on detached fruit by a sensitive
(DL71) and two propiconazole-resistant isolates (GADL133.04 and GADL193.04) of Monilinia fructicola. Treatment effects were evaluated on injured
and uninjured fruit of cv. ‘Coronet’

Brown rot incidence (%)?

Application timing

Protective Curative

Fungicide treatment? Fungicide treatment?

MWett-S Prop  MWett-5 + Prop Untreated LSDgos MWett-5  Prop  MWett-5 + Prop  Untreated LS5Dgos

Isolate DL71
Injured 88.3 a 00 b 0.0 b 100.0 a 17.3 1000 a 51 b 00 b 100.0 a 10.3
Uninjured 83.3 b 0.0 ¢ 00 c 97.2 a 13.8 1000 a 00©b 0.0 b 100.0 a 2.1
Isolate GADL133.04
Injured 036 a 723 Db 579 ¢ 100.0 a 8.9 981 a 7590b 68.3 b 100.0 a 10.3
Uninjured 91.7 a 722 b 458 ¢ 100.0 a 14.9 972 a 638 b 61.1 b 100.0 a 12.3
Isolate GADL193.04
Injured 044 a 66.7 b 447 ¢ 100.0 a 10.2 100.0 a 63.7 b 509 b 100.0 a 10.2
Uninjured 921 a 604 b 11 ¢ 100.0 a 12.4 1000 a 618 b V.2 b 100.0 a 9.4

A Means are from three repeats combined. Means in each fungicide treatment were compared using least significant difference (LSD) tests at
P = 0.05 for each isolate and fruit injury treatment. Values within rows and timing of application followed by different letters are ignificantly different.
b Fungicide treatments were micronized wettable sulfur (MWett-S), propiconazole (Prop), propiconazole combined with micronized wettable sulfur
(Prop + MWett-S) and untreated control (untreated). Fungicides were applied protectively (24 h before inoculation) and curatively (24 h after
inoculation).

Holb I, Schnabel G Pest Manag Sci (2008) 64:156-164



2007 Peach Data

Brown rot incidence**

Application (% infected fruit)

Treatment and rate/A timing* 4 days after harvest 7 days after harvest
Untreated Control .......... ... 250a 76.3 a
PropiMax 3.6EC41floz ... 7-8 269 a 78.2 a
Pristine 38WDG 1450z ... 7-8 7.7b 192¢
Messenger STS WDG 6.0 oz 5

PropiMax 3.6EC4floz ..., 7-8 15.4 ab 63.5 ab
Calcium chloride 0.4 oz 1-4. 6,9

PropiMax 3.6EC41floz ..., 7-8 14.7 ab 57.7b
PropiMax 3.6EC 4 fl oz + Sulfur 90OWPO91b ............. 7-8 21.8 ab 69.9 ab
PropiMax 3.6EC 4 fl oz + Captan SOW 81b .............. 7-8 12.8 ab 62.2 ab
LSD (o= 0.05) 14.8 16.0

*Treatmentdates: 1 =2 May; 2=16 May;3=30May; 4=14Jun; 5=22Jun; 6 =27 Jun; 7=2 Jul; 8 =9 Jul; 9=11 Ju1.|

** Brown rot incidence was recorded on fruit stored at ambient temperature. Means followed by the same letters are not
significantly different according to Fisher’s protected LSD test.

Brannen et al. PDMR (2008) 2:STF002




2007 Peach Data

Brown rot incidence*® (% infected fruit)

Treatment and rate/A 4 days after harvest 7 days after harvest
Untreated Control 359a 76.3 a

X 3.6EC 4 ]l oz (two applications)..........cccccceeeeevvereeennnne. 3 be 48.1b
Pristine 38WDG 14.5 oz (two applications)............cccccocveeeenenn.e. 3.8 ¢ 30.1¢c
Pristine 38WDG 14.5 oz (first spray) 28.8 65.4 ab

Pristine 38WDG 14.5 oz (first spray)
iMax 3.6EC 4 {l oz (second spray)

LSD (a = 0.05)

* Means followed by the same letter within each column are not significantly different according to Fisher’s protected LSD
test.

Brannen et al. PDMR (2008) 2:STF003



Summary of 2008-2012 Trials

« Cross-resistance Is observed with the DMIs (i.e.
metconazole [Quash]), so each DMI would have to
be tested for efficacy in the presence of resistant
strains.

« Mixture products, such as those containing a DMI
and a strobilurin (i.e. tebuconazole + trifloxystrobin
[Adament]), have performed poorly in the presence
of DMI resistance — not recommended.

+ Increased DMI rates and varied DMI actives will
allow use In the presence of DMI resistance.
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Monroe

1

Yellow = moderate resistance

Red = high resistance

Crawford

(1) DMI resistance is
widespread

throughout the
mid-Georgia
peach area.

(2) Thereis a
moderate shift
towards resistance
In the south-
Georgia peach
area.

(3) Other areas have
not shown
resistance to date.




2009 Georgia Qol Resistance Map

White = no resistance
Green = very low resistance
Yellow = moderate resistance

Red = high resistance

g) Monroe
.

Crawford

(1) Qol resistance is
minimal (possibly
background).

(2) There may be a
moderate shift
towards resistance
where Qols have
been utilized.

(3) Qols should be
utilized sparingly
for late-season,
preharvest
applications only.
Rotation with other
MOA fungicides is

highly
recommended.



(1) Benzimidazole
resistance 1s

minimal (possibly
background).

Monroe (2) The lack of use In

h recent years may
have helped to
Crawford reduce resistance in
M. fructicola
populations.

el = e s (3) Topsin should be
e used with Captan
(once per year

max). Resistance
develops readily.




Blossom blight and brown rot & &

o
Q° N
management strategy A
>
o 6@@52\ ]
Fo @ PO F o
Q. o & WD
NS &g &
,@Q\A’b o Captan, sulfura = 0% o€ Q Scholar

ST L

Bloom  PF Cover sprays Preharvest Postharvest
(blossom blight) (green fruit rot) (brown rot) (brown rot)

a If DMI resistance is suspected or documented, use captan instead of sulfur
In cover sprays and use high rate of Elite or Indar preharvest



Estimated Application Costs

«Indar (high rate); $26.50 per acre
«Elite (high rate); $25.00 per acre
«Pristine (high rate); $30.45 per acre
«Propimax (high rate); $7.50 per acre



DMI resistance in Montlinia fructicola
IS not stable In vivo.

Nuninger-Ney et al. Neth. J. PIl. Path. (1989) 95:137-150
Cox et al. Phytopathology (2007) 97:448-453

Zhu et al. Pest Manag Sci (2012) 68(7):1003-1009



Table 4. Occurrence of resistance in samples
from Georgia and South Carolina collected

between 2008 and 2010

10-fruitsamples (%) with at
least 1 resistant isolate
Resistance to 2008 2009 2010

DM 35.7a 3143 3.7h
Ools 35.7a  13.7b 3.7h
MBCs 10.7a  19.63 14, 83

n=28 n=51 n=54

“Walues with different |etters within rows are
zignificantly different according to ANOVA Pairwise
Nultiple Comparison Procedure: mean separation
by Holm-5idak method.

Schnabel et al. (2012) Fungicide Resistance in Crop
Protection: Risk and Management



Documented DMI resistance now
observed in SC, GA, OH, NJ, and NY




ﬁr Assumed Molecular mechanism of

Complex Il or SDH

succinate

Sdhls
Substitutions in the SdhB subunit

Sdhls and Qols Resistance

ol ! )
é
E B 47 2
N
4
o’
Qols

G143A substitution in cytochrome b gene



Quantitative resistance observed for
SDHI and Qol fungicides

Mean ECs, (ng/ml)

Mean ECsq (ug/ml)

A Boscalid

Baseline

2006 2007

B OPyraclostrobin

B Pyraclostrobin + boscalid

8 Azoxystrobin

2008

(n=25)
Baseline
population

C

V277772

2006 2007
(n=27) (n=43)

2008

I,

[\

2008
(n=6(0))

Rl-sprayed populations

Year of isolation

=
-
=
3
=
e
=
2
=
=
z

Range of EC5; (ng/ml)

Resistance to SDHIs occurs even in baseline
populations.



ATLALAATT TTTARAAL LA UL TTTATTAAAS TIATTAAL FLL TATATIATLLA TT AL AL AML ARG TAALL TASL TTATTTA TLASRS TTT AT FLTTTATTALL
W=t - . - - — - ¥ & F 6 5 L L a

JlIntren 1 (1502kp)

Qualitative resistance to Qols is unlikely e IEEIE

ATGGAT AT TAATACG T TAC TTACATALT A A A TTCAGCT TIC TTTTTTATAGTATATTTACACAT A G AAGALGTTTATATT
" ¥F LT FRY LHENTASAFFFIVYVYLHIGREGLY

[] Trtean & {1318ER] [lintren 3 \1166bp)
AT TAGT T TG A A AT AL TG TAG T TATAT T A TAT TAA TEA T A T T AL T T IO T AT TACG T T T T T TALGG T A TEALCC TATGAGG T AR TGHTTAT | i

T LY ® T 16V VY IFI1LWEVTAFLGYYLPYGgESL EEATYI
Intron 4 {IE!EhpI#‘ r%:nu-m,-. (10658p; =0l binding site

TACGAAC T TATGAG TGO T A T A A TGAA T TG AGG TRATATTG TTGAG T TI T T TGAGE TR TTTC TC TG TTAA TAMCGE A AGATTCTTTAC TTTACACT
[ B L WS ATFWIGGDIVEFLTYGGFSVHENALTINNEFFALLH

TTLTATTAC T T TG TE T A A T T TARL T TAATGEAT T AT AL AT TEACGATAL TR AL TTC TG TAATCCTTTALG TATA
Yy L P F YV L & A L 4L MHLI A&ALHED S AGS G NPLGISGOGNTDEL

T T T T TAT T A T T T ARG T T A T A AT AT TTTATTTAT A TAN TAT TAAGTATATTTO TATICTTTA TR CTAMG TGO T TMERUGATAGTGATAL
A FAPY FLFEDDLITIFLFEFIIILSILDLFYFFPFAEPFRYVYLGDS K

[JInteon § [2131kp) [linteen 7 (2227Bp)
TTATAT A TG TAA T A T A AT T A GG ATAG TG A TEATATC T IO T LT T A TG TAT A T ARG ATCTATAC TAATRAACTATTAGG TG TTA. &80

r I sy P9 TFFRF ALY P ENT L L FF Y & [ 1 R 5 [ F N KL L GV I

sl | 15 T ] i e O ] i i § i d TTITI 1]

-[_ow risk for qualitative resistance to Qols (G143A mutation would interfere with intron

splicing)
-N o Intronless genotypes have been detected in isolates fromithe US and China

A TACTTTTCATTAGTT TACTAGAAAATALTTTAGTAGAATTAGCAGTATTAACT AL AL AAAAL Luo et al. Pest Manage Sci (2010) 66(12):1308-1315
T F 1 % L L FE B = [ ¥ E L & VvV L T B F E



Qualitative resistance to SDHIs has not
been reported

e—— 1813 bp ——— ]

P225L/T/MH272Y/R

$73P H134R

= ]
l 688 bp

Known SDH subunit sequences from M.
fructicola and commonly found mutations

le— 577 bp——3 associated with SDHI resistance (Schnabel
unpublished)
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