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Fungal diseases that commonly occur on apples during 
summer include black rot, white rot, bitter rot, sooty blotch, 
and flyspeck. The first three appear as fruit rots during 

summer. Black 
rot is caused by 
Botryosphaeria 
obtusa and white 
r o t  i s  c a u s e d 
by B. dothidea. 
Black rot appears 
as a f irm dark 
decay, often at 
the calyx ends of 
fruit. White rot 
decays may be 
indistinguishable 

from black rot if the decays develop under cool conditions, but 
under hot conditions white rot causes fast-moving soft decay with 
irregular borders that eventually encompasses the entire fruit. 
Late-season infections by Botryosphaeria species can produce 
lenticel spots that appear as black flecks on red-skinned fruit or 
as red-ringed lesions on yellow fruit.
 Bitter rot is caused by several species of Colletotrichum (per-
fect stage = Glomerella cingulata). Bitter rot usually appears first 
on the sun-exposed faces of apple fruit and the decay progresses 
toward the core in a V-pattern. Under humid conditions, the 
fungi causing bitter rot produce rings of slimy orange spores on 
the surface of decay lesions, but the orange color is rarely evident 
on dry fruit.
 Sooty blotch and flyspeck (SBFS) are caused by a complex 
of more than 60 species and appear as  surface discolorations on 
apple skins. The biology of SBFS was described in an earlier issue 
of SBFS and will not be repeated here (Rosenberger & Meyer, 
2007).

Effectiveness of Fungicides for Summer Diseases
 For many years, the summer diseases on apples were con-
trolled with repeated sprays of Topsin M (thiophanate-methyl) 
plus captan.  Topsin M applied at rates of 8 to 16 oz/A provides 
excellent control of black rot, white rot, and SBFS, but is gener-
ally ineffective against bitter rot.  Captan controls bitter rot when 
applied at adequate rates, but Captan applied at high rates shortly 
before harvest leaves unsightly residues on fruit. Furthermore, 
some apple buyers (e.g., baby food manufacturers, supermarkets 
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“Inspire Super can be a valuable tool for 
controlling summer diseases. Using this 
product in combination with Captan and 
in rotations with other products such 
as Topsin M and Pristine should ensure 
excellent control of summer diseases 
without undue selection pressure for 
fungicide resistance.”

in England) have lowered the acceptable minimum residues for 
Topsin M to far below those approved by the Environmental Pro-
tection Agency, thereby making it unfeasible to apply Topsin M 
during the latter part of the season if fruit are destined for those 
markets.
 Combinations of phosphite fungicides with captan provide 
excellent control of SBFS, but only the Captan in this combination 
is active against summer fruit decays (Rosenberger & Cox, 2009). 
Therefore, where Captan/phosphite combinations are used, the 
rate of Captan must be adjusted upward in wet years to ensure 
adequate control of fruit rots.  Pristine has provided excellent 
control of both SBFS and summer fruit rots, but the expense of 
this product has limited its usefulness.  
 Inspire Super is a package mix of two fungicides, difeno-
conazole (DF) which is a DMI fungicide and cyprodinil, an 
anilinopyrimidine fungicide. Inspire Super was initially targeted 
for early-season diseases on apples, but several trials have dem-
onstrated that it also controls SBFS. Two separate lines of inquiry 
were established to investigate the effectiveness of Inspire Super 
applied during summer and to determine the effects of summer 
sprays on selection pressure for DMI-resistant scab.

Effectiveness of Inspire Super and Pristine, and Impacts 
of Application Timing
 During summer of 2012, we compared Inspire Super and 
Pristine in summer sprays at the Hudson Valley Lab and also eval-
uated the impact of omitting applications at various times during 
summer (Table 1). Treatments were replicated four times in an 
orchard planted in 2001 wherein each plot contained one Cameo 
tree on Bud.9 rootstock and a Royal Court tree on EMLA.111 
rootstock with M.9 interstem. Treatments were sprayed to drip 
using a high-pressure handgun.	All plots received a full spring 
regimen of fungicides to control scab, rust, and mildew, with the 
last spray (Captan-80 2 lb/A + Flint 2 oz/A) applied on 1 June.  
Rainfall recorded for the spray intervals that ended 22 June, 6 and 
24 July, 8 and 22 August, 6 and 21 September were 3.0, 2.8, 2.5, 
1.5, 2.1, 2.0, and 3.4 inches, respectively.  For those same intervals, 
the accumulated hours of leaf wetting as recorded by the NEWA 
station at the Hudson Valley Lab were 84, 35, 63, 44, 58, 48, and 
46.  From 6 to 17 September when Royal Court were harvested, 
fruit were exposed to 2.8 in. rain and 70 hr of leaf wetting.  From 
21 September to 5 October when Cameo were harvested, there 
was 3.3 in. rain and 141 hr of leaf wetting. Treatments were evalu-
ated by observing 50 fruit per Cameo tree for signs of SBFS at 
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varying time intervals through summer and then by recording 
disease incidence on 60 fruit per tree for each cultivar at harvest.
 No flyspeck was evident on Cameo fruit in the unsprayed 
control plots on 24 July, but 17% had flyspeck on 1 August, 34% 
on 10 August, and 99.5% on 30 August.  Sooty blotch developed 
more slowly in control plots than did flyspeck, with only 96% of 
Cameo fruit showing sooty blotch by the time of the last evalua-
tion on 5 October.  Plots where fungicides had been applied were 
evaluated for SBFS for the first time on 10 Aug (Figure 1).

Figure	1.		 Effects	of	fungicide	treatments	on	appearance	of	sooty	blotch	and	flyspeck	on	Cameo	fruit	in	a	trial	conducted	at	the	Hudson	Valley	Lab	during	
summer	of	2012.		Inspire	Super	and	Pristine	were	compared	in	three	different	application	timings	(Figs.	6A	and	6B),	and	Inspire	Super	was	evalu-
ated	in	additional	programs	where	some	sprays	were	omitted	during	summer	(Fig	6C).	Dates	when	products	were	applied	in	the	various	programs	
are	indicated	with	an	“X”	in	the	table	above	each	graph.	Upper-case	letters	to	the	right	of	the	graphed	data	indicate	statistical	separations	from	
analysis	of	disease	incidence	at	harvest	on	5	October.	Means	for	final	disease	incidence	followed	by	the	same	letter	are	not	significantly	different	
(P≤	0.05)	as	determined	using	Fishers	Protected	LSD.

 Cameo fruit from trees treated with Pristine in treatments 
1 and 5 (Figure 1A) had less sooty blotch than fruit from trees 
sprayed with Inspire at comparable timings (Figure. 1A, Trts 2 
and 6), although the differences were not statistically significant. 
However, Inspire Super provided better control of flyspeck than 
did Pristine, and differences were significant for comparisons 
between treatments 1 & 2 and between 5 & 6 (Fig 1B). 
 When SBFS severity was evaluated on Royal Court fruit at 
harvest, the proportion of fruit that did not meet standards for 

Table	1.		 Effects	of	fungicides	and	application	timing	in	the	2012	trial	at	the	Hudson	Valley	Lab	on	percentages	of	Royal	Court	fruit	that	were	down-graded	
due	to	sooty	blotch	and	flyspeck	and	on	incidence	of	fruit	with	bitter	rot	at	harvest.

 
                              																Treatment	datesz	 	 	 %	Royal	Court		 							%	fruit	with	bitter	rot
	 	 	 	 	 	 	 	 out-of-grade		 Royal	 Cameo	at
Fungicide	and	rate	 Jun	 Jul	 Jul	 Aug	 Aug	 Sep	 Sep	 due	to	SBFS	at		 Court	after	 harvest
(per	100	gal	of	dilute	spray)	 22	 6	 24	 8	 22	 6	 11	 harvesty	 incubationx	 5	Oct	

 1. Pristine 5 oz - - X X X X* X* 35.1	dw 1.0 ab   2.5 ab 
  2. Inspire Super 4 fl oz - - X X X X* X* 10.9	bc	 2.1 bc   8.8 bcde 
  3. Pristine 5 oz - X - X X - X* 31.7	d	 1.0	ab	  3.3	abc	
  4. Inspire Super 4 fl oz - X - X X - X* 		6.7	abc	 3.6	c	 18.0	e	
  5. Pristine 5 oz X X X X X*     7.7 abc 0.0	a	   3.3 abc 
  6. Inspire Super 4 fl oz X X X X X*     3.4 ab 2.1	bc	   5.8 abcd 
  7. Inspire Super 4 fl oz - X - X X X X* 14.0 c 3.0 bc   7.5 abcde 
  8. Inspire Super 4 fl oz X - X - X - X*   6.0 abc 2.6 bc 12.1 cde 
  9. Inspire Super 4 fl oz - X X X X X* X*   5.7 abc 3.7 bc 13.3 de 
10. Inspire Super 4 fl oz X - X X X* X*    6.7 abc 1.7 bc   7.5 abcd 
11. Inspire Super 4 fl oz X X X X X X* X*   1.0 a 2.0 bc   2.3 a 
12. Control -- -- -- -- -- --  99.7 e 4.3 c   7.7 abcd 

z  Treatments were applied to both Cameo and Royal Court on dates indicated with an “X” but to Cameo only on dates indicated with “X*”.   Note that the first six 
treatments involve paired comparisons of Pristine and Inspire Super using three different application schedules.

y  Fruit that did not meet USDA Extra Fancy grade standards due to presence of sooty blotch and flyspeck.
x  Following harvest, fruit were incubated for 10 days at 70 F and 100% relative humidity to allow incubating infections present at harvest to become visible on the 

fruit.
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fishers Protected LSD test.  Means shown in bold 

type highlight significant differences between means within the paired comparisons shown in treatments 1 to 6.
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USDA Extra Fancy 
was significantly 
lower for Inspire 
Super than for Pris-
tine in two of the 
three paired com-
parisons (Table 1, 
compare trts 1 & 
2 and 3 & 4). Most 
of those differenc-
es were due to the 
higher incidence 
of flyspeck on fruit treated with Pristine.  For all treatments, the 
percent fruit downgraded due to SBFS was much lower than the 
disease incidence shown for Cameo (Figure 1) because many in-
fections observed on Cameo fruit were small and/or were located 
in the stem or calyx ends where they would not have caused fruit 
to be downgraded.  Thus, even though some treatments resulted 
in a high incidence of fruit with disease, the percentage of Cameo 
fruit out-of-grade due to SBFS was ≤ 6 percent for Trts  6, 8, 9, 
and 11 (data not shown), and the same was true for Royal Court 
(Table 1). 
 As expected, the full-season program of Inspire Super (Trt-
11) provided better control at the end of the season than any 
programs where one or two sprays were omitted during June and 
July (Figure 1). The poorest control occurred where two of the first 
three treatments were omitted (Trts 2 and 7). Under conditions 
in 2012, omitting sprays toward the end of the season had less 
negative impact on disease control than omitting sprays earlier 
in the season (Figure 1C).
 Many of the treatments showed a large increase in SBFS 
incidence between 1 and 5 Oct (Figure 1), a period that included 
72 hr of wetting. After fruit were harvested on 5 Oct, they were 
held at ca. 55-65°F in a storage room until they were evaluated 
on 8 Oct.  Although some additional SBFS may have appeared on 
fruit during the time between harvest and evaluation, we doubt 
that this was a significant factor because fruit were dry at harvest 
and during storage.
 Pristine provided better control of bitter rot than did Inspire 
Super in all of the paired treatment comparisons, and differences 
were significant in three of the six comparisons derived from 
evaluations of the two cultivars (Table 1).  Pristine also provided 
consistently better control of black rot than did Inspire Super, 
but differences among the paired treatments usually were not 
significant for this disease (data not shown).
 Results from this trial indicate that Inspire Super can pro-
vide better control of flyspeck than Pristine, but Pristine is still 
slightly better than Inspire Super for controlling sooty blotch 
and it is much better than Inspire Super for controlling fruit rots. 
However, if Inspire Super had been applied in combination with 
Captan as we would suggest for commercial applications, then 
control of fruit decays would have been better than in was in our 
trial.  
 Neither Inspire Super nor Pristine eradicated SBFS infections 
that became established when sprays in June or early July were 
omitted, but subsequent sprays sometimes suppressed those in-
fections until they erupted simultaneously on many fruit just prior 
to harvest (e.g., Trt 1-4, Fig 1A-B). In previous studies, Pristine 
was shown to have greater residual activity against flyspeck than 
either Topsin M or Captan plus ProPhyt.  In this study, Inspire 

Super had better residual activity against flyspeck than Pristine 
(Trt 5 compared to Trt 6, Fig 1B).

Will	Using	Inspire	Super	During	Summer	Increase	the	
Prevalence	of	DMI-Resistant	Apple	Scab?
 Some scientists argue that using apple scab fungicides dur-
ing summer will increase selection pressure for resistance to 
that fungicide more than if the fungicide is used only during the 
primary apple scab season. The arguments for and against this 
concept are too complex to summarize here, and there has not 
been enough field data to clinch either side of the argument.  To 
test this hypothesis of increased selection pressure for resistance 
when products are used during summer, trials were conducted at 
the New York State Agricultural Experiment Station in Geneva, 
NY, from 2010-2012. Treatments included an untreated control 
with no fungicide applications all season and two programs with 
difenoconazole (DF) alone where the fungicide applied was a re-
search formulation that did not include the companion product 
found in Inspire Super or Inspire Super MP. One DF treatment 
involved only four applications during the primary apple scab 
season in spring whereas DF was applied eight times throughout 
the season in the other treatment (Table 2). The latter program 
involved using DF in more sprays than allowed by the Inspire 
Super label. Fungicide treatments were applied dilute to drip 
(approx. 300 gal/A) using a handgun at 300 PSI. Treatments 
were replicated four times in an orchard of 16-yr-old paired 
‘Empire’ and ‘Jonagold’ trees on M.M.111 rootstocks with M.9 
interstems.  The V. inaequalis population in the orchard had been 
confirmed to have practical resistance to myclobutanil (Rally) 
and fungicide-resistant phenotypes had previously been shown 
to be evenly distributed throughout the orchard. 
 To evaluate the effect of summer use of DF on DF sensitivity 
in overwintering apple scab populations, isolates from treatment 
blocks were evaluated during the season following the year 
when the sprays were applied. Hence, treatment programs were 
implemented in 2010 and 2011 and V. inaequalis isolates were 
evaluated the following years, in 2011 and 2012, respectively. 
During the primary apple scab season of each year, fungicides 
were applied at 7-10 day intervals from April through June and 
at 14-21 day intervals during summer (Table 2). In the two 
programs involving DF applications, DF was applied at 1 fl oz 
of active ingredient per A, which is equal to the amount applied 
when Inspire Super is used at 12 fl oz/A. During the years that 
isolates were evaluated with DF sensitivity, treatment blocks that 
had received DF the previous year only received applications of 
captan and mancozeb.
 In May of 2011 and 2012, 100 leaves with young, primary 
apple scab lesions were collected from the 600 ft2 treatment 

Table	2.		 Apple	fungicide	programs	used	at	Geneva	in	2010	and	2011	to	assess	impacts	of	difenoconazole	(DF)	applications	on	
DF-resistance	in	apple	scab	as	measured	the	following	season.	 	     
     

	 	 Green	tip	to	 Pink/	 Petal	 Cover	sprays
Fungicide	program	 tight	cluster	 bloom	 Fall	 1st	 2nd	 3rd	 4th	 5th	 6th	 7th	

1. Control  --  --  -- -- -- -- -- -- -- -- 
2. Spring-only Capt + mancozebz DFy	 DF	 DF	 DF	 Captx Capt Capt Capt Capt
3. Spring & Summer Capt + mancozeb DF	 DF	 DF	 DF	 Capt DF	 DF	 DF	 DF	

z Capt +mancozeb = Captan 80WDg (2.5 lb/A) + mancozeb (3 lbs/A)
y DF = difenoconazole alone (Inspire 23.2%) applied at the rate of 1 fl oz of active ingredient per acre.
x Capt = Captan 80WDG 2.5 lb/A



12  NEW YORK STATE HORTICULTURAL SOCIETY

blocks established in the previous season, with an equal number 
collected from both ‘Jonagold’ and ‘Empire’ trees. Single clonal 
conidial leaf lesion isolates were evaluated for fungicide sensitivity 
using microscopy aided mycelial relative growth assays (Köller 
et al, 2004), with a minimum of 25 isolates per treatment and 
5 single conidia evaluated for each isolate. Specifically, isolates 
were evaluated for sensitivity at previously reported discrimi-
natory doses for DF (0.1µg/ml), myclobutanil (0.1µg/ml), and 
dodine (0.2µg/ml). The evaluation of in vitro dodine sensitivity 
was included as a non-selective pressure check to detect any 
newly emerging positional confounding of treatment blocks 
related to uneven spatial distributions of fungicide sensitivity for 
isolates in the resident population. The distribution of sensitiv-
ity responses for each fungicide was analyzed for normality by 
the Shiparo-Wilks test using the continuous fit test of JMP v.9.0 
(SAS Institute, Cary, NC) and by the Anderson-Darling test using 
the univariate procedure of SAS v9.3 (SAS Institute, Cary, NC). 
Differences in fungicide sensitivity between treatment programs 
were determined using Generalized Linear Mixed Models with 
the GLIMMIX procedure of SAS v9.3.
 The sensitivity of V. inaequalis isolates to dodine did not 
differ significantly among the three programs in either year of 
the study (2011, P=0.2193; 2012, P=0.6693 ). The lack of differ-
ences among the three treatments in sensitivity to dodine, the 
treatment where no selective pressure was applied by the test 
treatments, suggests that differences in isolate sensitivities to 
other fungicides were unlikely to have resulted from uneven 
spatial distributions of fungicide sensitivity within the resident 
scab population. In 2011, there was a significant effect (P=0.0379) 
of treatments on sensitivity to DF with isolates from the spring-
only DF program showing less sensitivity to DF than isolates from 
control plots (Figure 2A). However, there were no differences in 
isolate sensitivity between the spring-only and the full-season 
DF programs. Interestingly, there were also no significant dif-
ferences among treatment programs in sensitivity of isolates to 
myclobutanil (P>0.4831). In 2012, there was a nearly significant 
effect (P=0.0549) of treatments on isolate sensitivity to DF (Figure 
2b). As in 2011, isolates from the spring-only DF program were 
the least sensitive to DF, but there was no significant difference 
between the two DF treatments. However, there was a nearly sig-
nificant difference (P=0.0551) between the two DF treatments in 
terms of their impact on sensitivity to myclobutanil as measured 
in 2012, with the full-season DF program showing the least sen-
sitivity to myclobutanil (data not shown). Furthermore, isolates 
from the full-season DF treatment were significantly less sensi-
tive to myclobutanil than isolates recovered from the unsprayed 
control plots (P=0.0066). 
 In this trial, the full-season DF treatment (which also used 
more applications than allowed on the product label) did not 
select for DF resistance any more than the standard program of 
four DF sprays applied during the primary apple scab season. 
However, isolates from DF-treated blocks were consistently less 
sensitive to DF than those from control plots where DF was not 
used at all. Although differences were not significant, we were 
surprised to find greater loss of sensitivity in isolates from the 
spring-only DF program than from the full-season DF program 
that had twice as many application of DF each year. The numeri-
cal differences in reduced sensitivity between the two treatments 
could be due to the level of inoculum at the end of the season. The 
level of apple scab at the end of the season was higher for trees 

Figure	2.		Effects	of	fungicide	programs	applied	at	Geneva	(see	Table	2)	on	
fungicide	 sensitivity	 of	 the	 Venturia inaequalis	 populations	 in	
those	 plots	 the	 following	 spring.	 	 (A)	 Sensitivity	 to	 difenocon-
azole	(DF)	in	spring	of	2011.	(B)	Sensitivity	to	DF	in	2012.	

A

B

in spring-only program compared to the full-season program. 
The higher level of infection at the end of the season for spring-
only program allowed for more overwintering of inoculum with 
reduced sensitivity to DF compared to the full-season program 
where fewer infected leaves were available to overwinter. That 
difference could have increased the probability that reduced-
sensitivity isolates could survive genetic recombination via sexual 
production of ascospores that occurs during winter. Also inter-
esting was the fact that differences in sensitivity to DF resulting 
from the treatment programs did not necessarily correlate with 
changes in myclobutanil sensitivity. This deviation from DMI 
cross-sensitivity suggests that different mechanisms may be in-
volved in the development of resistance to myclobutanil and DF. 
That would be consistent with a previous report that the genetic 
basis for DF resistance may be different than that for myclobutanil 
resistance (Villani et al, 2012). 
 Although limited to a single orchard and only two years of 
data, this work provided no evidence that using Inspire Super 
during summer will drastically increase selection pressure for 
DF resistant scab. Even with the annual input of 8 fl oz of active 
ingredient of DF per A (as compared to label limitations of 5 fl 
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oz of active ingredient per A), the effect on DF sensitivity was 
no greater than that resulting from difenoconazole applied only 
during the primary apple scab season. Additional experiments 
using registered difenoconazole products are underway for the 
2013 growing season to provide further validation of these initial 
observations. 

Conclusions
 The timing trial and the comparisons of Inspire Super and 
Pristine in the Hudson Valley experiment clearly showed that 
even our best fungicides cannot eradicate SBFS if fruit are left 
unprotected for extended periods at any point during the grow-
ing season. Sprays omitted early in the season can cause sudden 
surges in SBFS appearance on fruit shortly before harvest, and 
omitting late-season sprays can be risky in years with above-
average rainfall near harvest. Focusing only on SBFS (e.g., by us-
ing Inspire Super alone) may leave fruit vulnerable to fruit decay 
pathogens. The best strategies for controlling summer diseases 
will include a rotation of fungicides that are selected and applied 
as needed to cover the pathogens of concern while preserving 
market options.
 Because of limitations included on the product labels, Inspire 
Super can only be applied five times per year (maximum of 60 
fl oz/A/yr) in commercial orchards, and strobilurin fungicides 
(Flint, Sovran, Pristine or any combination thereof) can be applied 
only four times per year.  If either Inspire Super or strobilurin 
fungicides are used to control scab or mildew in spring, then 
the number of applications that can be made during summer is 
further reduced. Given these limitations and the fact that each 
fungicide has its own unique strengths and weaknesses, one 
should never plan to use a single fungicide throughout the entire 
summer. The traditional combination of Topsin M plus Captan 
might still be the best choice for summer sprays during June and 
early July. A July-August program that involves alternating Inspire 
Super plus Captan with Pristine plus Captan should provide 
excellent summer disease control, especially in situations where 
buyers are demanding fruit with little or no detectable residues 
from Topsin M. Pristine applied alone in the last spray will leave 
no visible residue, provide excellent residual activity, and control 
both fruit decays and SBFS.
 The two-year trial at Geneva, although it failed to show 
that DF applications during summer exacerbated resistance any 
more than spring-only applications, will not allay all concerns 
about how summer applications of Inspire Super may impact 
DMI-resistant scab.  However, we have been using strobilurin 
fungicides for both scab and summer diseases ever since they were 
introduced, and the results from the Geneva trials provide at least 
some initial evidence that we may be able to do the same with 
Inspire Super. Using a rotation of different fungicide chemistries 
throughout each season may be more important for minimizing 
fungicide resistance than the specific times that those applica-
tions are made. Thus, we conclude that Inspire Super can be a 
valuable tool for controlling summer diseases, especially if it is 
mixed with Captan to enhance control of summer fruit rots. Using 
this product in rotations with other chemistries such as Topsin 
M and Pristine should ensure excellent disease control without 
undue selection pressure for fungicide-resistant pathogens. As 

always, read pesticide labels carefully and note restrictions and 
preharvest intervals specified on the labels.
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Figure	7.	 Effects	 of	 cyclanilide	 (Tiberon)	 and/or	 benzyl	 adenine	 (Maxcel)	
on	trunk	cross	sectional	area	(cm2)	of	Empire,	Fuji,	McIntosh,	and	
Macoun	apple	trees	grafted	on	B.9	rootstocks.


