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 The tree fruit industry relies heavily on fungicides to control each of these 
three major diseases.  Over the last 30 years, we have seen a transition from broad 
spectrum fungicides to single-site fungicides.  One of these classes of single-site 
fungicides, the sterol inhibitors (SIs), was initially highly efficacious against apple 
scab, American brown rot (ABR), and cherry leaf spot (CLS).  However, over time, 
resistance developed to SI fungicides in the scab and CLS pathogens.  Likewise, 
resistance to strobilurin fungicides has now spread statewide in the apple scab 
pathogen. 
 By late 2012, three newer fungicides in the succinate dehydrogenase inhibitor 
(SDHI) class were registered in Michigan.  These fungicides are: penthiopyrad 
(Dupont Fontelis), fluopyram (Bayer Luna), and fluxapyroxad (BASF Merivon).  
These are in addition to boscalid (BASF Pristine) which is already in the marketplace.  
We have detected an emerging issue with boscalid resistance in the CLS pathogen.  In 
some orchards in west central and northwest Michigan, control failures after Pristine 
use have been observed.  Resistance development to SDHI fungicides is important 
because even though some of these fungicides are sold in premixes, the mix partner is 
a strobilurin fungicide which is not always that effective against the CLS and ABR 
pathogens. 
 Through research done with other plant pathogens around the United States, 
most observations suggest that there are complicated patterns of cross resistance 
between boscalid-resistant fungi with the other SDHIs.  In many cases, boscalid-
resistant fungi are also resistant to penthiopyrad (Fontelis) but still sensitive to 
fluopyram (Luna) and fluxapyroxad (Merivon).  However, there are a few cases where 
cross resistance among all four SDHIs has been observed. 
 Through an MSHS-funded project, we have been doing laboratory screenings 
of Michigan isolates of Blumeriella jaapii (CLS) and Monilinia fructicola (ABR) for 
sensitivity to all four SDHIs.  The results have shown us that there is potential for 
cross resistance.  However, to fully understand and correlate our lab results with field 
results, we need to perform disease control experiments on fungicide-treated trees. 
 
Objectives, hypotheses, and methods to be employed (by Objective):  The Objectives of this proposal are to: 
1.  determine if B. jaapii and M. fructicola isolates with reduced laboratory sensitivity 
to various SDHI fungicides can still be controlled by these fungicides in the field. 



 
2.  screen a wider collection of CLS and ABR isolates from Michigan orchards for 
SDHI sensitivity phenotype and correlate the observed phenotypes with field results 
thereby identifying any current resistance problems. 
 
 
Objective 1.   We tested a representative sample of 42 M. fructicola isolates from 
commercial orchards throughout Michigan to begin an examination of comparative 
sensitivity to boscalid (SDHI in Pristine), fluopyram (SDHI in Luna Sensation), and 
fluxapyroxad (SDHI in Merivon).  In addition, we had sensitivity data for each strain 
tested to sterol inhibitor fungicides.  The results of these experiments showed some 
variability among the isolates.  We measured the EC50 values for each fungicide 
(effective concentration of fungicide necessary to inhibit fungal growth by 50%).  Most 
of the EC50 values were low overall with a few outliers.  Values for boscalid ranged from 
0.9215 to 10.0510 g/ml, for fluopyram ranged from 0.0977 to 50.8533 g/ml, and for 
fluopyram ranged from 0.7124 to 57.8230 g/ml (Table 1).  The phenotype for each 
fungicide was usually not consistent among the isolates, i.e. very low for two of the three 
fungicides (ex. see isolate GW11 in Table 1).  Thus, we do not currently think that any of 
these results is indicative of resistance to any of these SDHIs. 
 We are working to determine if the elevated levels observed for a few of the 
isolates translates into lack of brown rot control with these fungicides.  So far, the answer 
to this question is no.  We conducted lab experiments using inoculated peaches treated 
with fluopyram at field rates.  We were unable to conduct field experiments in 2014 
because our peach trees did not flower (and several died) after the hard winter of 2013-
14.  We examined five isolates in these experiments with a 60-fold range in EC50 values.  
As shown in Fig. 1, there is no difference in control effect on any of these isolates, i.e. 
what is shown is that the average amount of infection on the inoculated, treated peaches 
remains at a very low level through four days regardless of the fluopyram EC50 level of 
the isolate.  A second replication of this experiment also showed similar results.  Thus, 
our data currently show that there is some variability in SDHI phenotype observed in the 
Michigan M. fructicola population, but we don’t have evidence that there is any effect on 
disease control efficacy. 
 We are also following up on an experiment to assess the effect of SDHI 
phenotype on disease control of CLS.  In our test block up at the Northwest Michigan 
Horticultural Research Center, we have widespread resistance to boscalid.  We are 
completing a phenotypic analysis of the CLS B. jaapii isolates to fluopyram and 
fluxapyroxad during this winter.  These experiments will be completed by March, 2015, 
and we will be updating this report at that time.  We have observed excellent control in 
this block over the past three years with Merivon and Luna Sensation so we do not expect 
to see differences in EC50 values for these fungicides in B. jaapii. 
 
Objective 2.  2014 was not a big disease year in Michigan, and we were unable to 
perform a wide geographic survey for CLS or ABR as these diseases were not prevalent.  
Because of this, we focused on the ABR work reported under Objective 1. 
 
 



Table 1.  Fungicide sensitivity analysis of 42 Monilinia fructicola isolates from 
throughout Michigan to the SDHI fungicides boscalid (Pristine), fluxapyroxad (Merivon), 
and fluopyram (Luna Sensation). 
 

DMI     
OG 

%RG Isolate ID Boscalid Fluxa Fluopyram 
0.0 BR 50 0.9215 1.1162 0.8677 
6.5 GW 2 1.0322 1.0117 1.0541 

13.8 BR 16 0.8287 1.0223 1.1643 
23.4 BR 36 0.8723 10.0194 43.3226 
31.8 BR 49 1.0363 10.0020 10.0442 
30.2 GW 11 0.6768 50.8533 0.6081 
33.2 BR 26 1.1344 1.0048 1.0332 
53.4 BR 40 1.1020 1.0983 1.0981 
56.4 BR 43 1.0900 1.0341 27.1067 
60.3 BR 28 0.9600 0.7247 0.9570 
60.8 BR 32 1.0534 10.0140 1.0189 
68.5 GW 25 1.0143 1.0342 1.0183 
87.2 BR 8 10.0496 25.3436 10.0159 
0.0 DRAM 2 1.1696 0.0977 0.7574 
0.0 SCHM 14 10.0361 47.0273 45.2150 
8.5 PT 17 1.0501 1.0211 1.0000 

14.2 CZGM 2 1.0071 1.0160 1.0249 
20.1 RBOM 2 10.0510 0.0729 51.3158 
31.5 PPOM 1 1.0000 1.0271 1.0000 
30.3 RDWM 2 1.0440 0.6556 1.0673 
32.7 BHSM 3 1.0659 10.0371 57.8230 
33.9 501 9 1.2008 0.9594 1.0685 
56.6 501 - 12 1.1076 1.0818 0.7124 
54.8 RWBM 7 1.0253 1.1374 1.1041 
64.5 GUSM 5 10.0241 10.0274 38.5812 
68.0 CZGM 4 1.0635 1.0492 54.4873 
76.4 DDRM 1 1.0738 0.3290 1.0129 
73.9 DBWM 7 1.1000 1.0929 40.6460 
19.2 NYBM 25 10.0191 1.0578 10.0378 
18.8 GALM 8 1.1597 1.0000 1.1702 
20.4 GALM 7 1.1573 0.9667 1.0048 
23.6 NYBM 44 1.0258 0.5177 1.0013 
27.9 LABM 4 1.0843 0.9677 1.0790 
30.4 GALM 2 1.0797 

DN 
GROW 22.5277 

31.5 LABM 6 1.0391 0.9927 1.0410 
34.2 ALM 18 10.0028 0.0990 1.0910 
38.2 REM 1 1.0376 1.0266 1.1016 



54.5 BHGM 28 1.0472 1.0540 1.0707 
61.4 NYBM 12 1.0947 1.0000 1.0612 
82.4 BHGM 7 1.0010 0.9940 1.0118 
64.2 WELM 14 1.0543 1.0840 1.0322 
66.7 WELM 21 1.0857 1.0289 10.0238 

 Mean: 2.3257 4.8524 10.7233 
 Median: 1.0635 1.0266 1.0707  

 
Fig. 1.  Examination of ABR occurrence by isolates of Monilinia fructicola differing in 
sensitivity to fluopyram on fluopyram-treated peaches.  The EC50 values (in g/ml) for 
the isolates is as follows: Dram2 -- 0.7574; NYBM-25 -- 10.0378; BR43 – 27.1067; 
DBWM7 – 40.6460; and SCHM14 – 45.2150.  There are no differences in control 
(measured as percent of peach infection over time) with fluopyram on any of these 
isolates even though the EC50 values differ by 60-fold.  A second replication of this 
experiment showed similar results. 
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