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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) 



Stone Fruits 

Almonds Apricots Peaches and Nectarines 

Cherries Plums and Prunes 



Class 
Name 

MOA 
Code 

FRAC 
Group 
Code 

Pathogen Common 
Name 

Crop Reference Remarks 

MBC B1 1 Cladosporium carpophilum Scab Peach, 
Nectarine 

Chandler et al. 
1978 

Field 

MBC B1 1 Coccomyces hiemalis Cherry leaf spot Cherry Jones & Ehret 
1980 

Field 

MBC B1 1 Monilinia fructicola Brown rot Stone 
fruits 

Whan J H 1976 Field 

MBC B1 1 Sphaerotheca pannosa Powdery mildew Peach Jarvis & Slingsby 
1975 

Field 

QoI C3 11 Fusicladium carpophilum Leaf spot Almond Foerster et al. 
2009 

Field 

QoI C3 11 Monilinia laxa, M. fructigena, M. 
fructicola 

Brown rots Stone 
fruits 

Meissner & 
Stammler 2010 

Lab 

Dicarboxo
mides 

E3 2 Monilinia fructicola Brown rot Stone 
fruits 

Penrose et al. 
1985, Elmer and 
Gaunt 1994 

Field 

DMI G1 3 Blumeriella jaapii Leaf spot Cherry Proffer et al. 2006 Field 

DMI G1 3 Monilinia fructicola Brown rot Stone 
fruits 

Nuninger-Ney et al. 
1989, Elmer et al. 
1992 

Field 

DMI G1 3 Sphaerotheca pannosa Powdery mildew Nectarine Reuveni 2001 Field 

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



Class 
Name 

MOA 
Code 

FRAC 
Group 
Code 

Pathogen Common 
Name 

Crop Reference Remarks 

MBC B1 1 Monilinia fructicola Brown rot Stone 
fruits 

Whan J H 1976 Field 

QoI C3 11 Monilinia laxa, M. fructigena, M. 
fructicola 

Brown rots Stone 
fruits 

Meissner & 
Stammler 2010 

Lab 

Dicarboxo
mides 

E3 2 Monilinia fructicola Brown rot Stone 
fruits 

Penrose et al. 
1985, Elmer and 
Gaunt 1994 

Field 

DMI G1 3 Monilinia fructicola Brown rot Stone 
fruits 

Nuninger-Ney et al. 
1989, Elmer et al. 
1992 

Field 

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



Brown Rot of Stone Fruits 

Monilinia fructicola 
Monilinia fructigena 
Monilinia laxa 



Brown rot of peach is an ideal 
candidate for resistance development. 
 Large populations 

and rapid 
multiplication of 
target pathogen 

 Extensive and 
concentrated areas 
of use 

 Use of repetitive or 
sustained 
treatments 
 



www.cornell.edu 

www.ucdavis.edu 





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) 



www.frac.info 



R = resistant S = sensitive 



Evolution of fungicide resistance: 
quantitative resistance 

Deising H et al. Brazilian Journal of Microbiology (2008) 39:286-295 



Evolution of fungicide resistance: 
qualitative resistance 

Deising H et al. Brazilian Journal of Microbiology (2008) 39:286-295 



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, MI, 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 in 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 

• 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). 



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



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





DMI Resistance Snapshot – Georgia – 2004 





2005 Peach Data 
M. fructicola has 
developed resistance 
to DMI fungicides. 

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

Alternation or 
mixtures might 
overcome DMI 
resistance.  

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



Acero et al. Int. J. Mol. Sci. (2011) 12:795-816 



Simplistic model of the upstream region of the MfCYP51 gene in M. fructicola isolates.  

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

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



2006 Peach Data 

Increased rates of DMI fungicides, such as 
fenbuconazole found in Indar, will overcome 
DMI resistance. 

Brannen et al. PDMR (2007)  1:STF003 





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



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



2007 Peach Data 

Brannen et al. PDMR (2008)  2:STF002 



2007 Peach Data 

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. 



Resistance Management Program  



No fungicide 

Topsin M 

Abound 

Orbit 





White = no resistance 

Green = very low resistance 

Yellow = moderate resistance 

Red = high resistance 

Crawford 

Monroe 

Peach 
Taylor 

Macon 

(1) DMI resistance is 
widespread 
throughout the 
mid-Georgia 
peach area. 

(2) There is a 
moderate shift 
towards resistance 
in the south-
Georgia peach 
area. 

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

 

2009 Georgia DMI Resistance Map 



2009 Georgia QoI Resistance Map 

White = no resistance 

Green = very low resistance 

Yellow = moderate resistance 

Red = high resistance 

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

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

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

 

Monroe 

Crawford 

Peach 

Macon 

Taylor 



t 

2009 Georgia Benzimidazole Resistance Map 

White = no resistance 

Green = very low resistance 

Yellow = moderate resistance 

Red = high resistance 

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

(2) The lack of use in 
recent years may 
have helped to 
reduce resistance in 
M. fructicola 
populations. 

(3) Topsin should be 
used with Captan 
(once per year 
max). Resistance 
develops readily. 

 

Monroe 

Crawford 

Peach 

Macon 

Taylor 



Blossom blight and brown rot 
management strategy 

Bloom       PF 
(blossom blight) 

Preharvest 
(brown rot) 

Postharvest 
(brown rot) 

Cover sprays 
(green fruit rot) 

Captan, sulfura Scholar 

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 Monilinia fructicola 
is not stable in vivo. 

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

Nuninger-Ney et al. Neth. J. Pl. Path. (1989) 95:137-150 

Cox et al. Phytopathology (2007) 97:448-453 



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



NY 

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



Assumed Molecular mechanism of 
SdhIs and QoIs Resistance 

SdhIs  
Substitutions in the SdhB subunit  

QoI fungicide 

F129 

G143 

QoIs  
G143A substitution in cytochrome b gene   



Quantitative resistance observed for 
SDHI and QoI fungicides 

Resistance to SDHIs occurs even in baseline 
populations. 



Qualitative resistance to QoIs is unlikely 

-Low risk for qualitative resistance to QoIs (G143A mutation would interfere with intron 
splicing) 
-No intronless genotypes have been detected in isolates from the US and China 

           Luo et al. Pest Manage Sci (2010) 66(12):1308-1315 



Qualitative resistance to SDHIs has not 
been reported 

Known SDH subunit sequences from M. 
fructicola and commonly found mutations 
associated with SDHI resistance (Schnabel 
unpublished) 



Path Forward 
(1) Continue and expand monitoring for 
resistance. 

(2) Incorporate new fungicides with 
different modes of action, and determine 
efficacy of other DMIs and combinations. 

(3) Cultural and novel approaches to 
management may be incorporated into 
management schemes. 
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