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“In 2013, there were region-wide occur-
rences of fruit russetting that resulted in 
significant fresh market losses. Captan 
fungicide toxicity was suspected as a 
cause. In 2014 we conducted two field 
trials to investigate the potential for 
phytotoxicity when captan was applied 
in combination with common spray adju-
vants and/or new SDHI fungicides under 
slow drying conditions during apple 
thinning timings. In general, chemical 
damage to leaves and fruit was greater 
as tank mixtures with captan increased 
in complexity.”

In 2013, there were region-wide occurrences of fruit russetting 
throughout the apple production regions of New York and 
New England that resulted in unprecedented fresh market 

production loss-
es (Rosenberger, 
2014). Biotic fac-
tors such as pow-
dery mildew and 
Aureobasidium 
pullulans  (An-
drews et al., 2002; 
Heidenreich et al., 
1997) and abiotic 
factors including 
spring frost dam-
age, sun scald-
ing, and chemi-
cal damage are 
considered the 
primary causal 
agents of apple 
fruit russeting in 
the northeastern 

United States. Historically, fruit finish damage from such biotic 
factors has most often been associated with apple cultivars prone 
to powdery mildew and those with “leaky” lenticels (e.g. ‘Golden 
Delicious’ and ‘SweeTango’), which act as sugar reservoirs for the 
epiphytic black yeast, A. pullulans. 
 Application of the newly released succinate dehydrogenase 
inhibitor (SDHI) fungicide, Fontelis SC, tank-mixed with captan 
was implicated by many in the region to be the underlying cause 
of chemical injury to apple leaves and fruit. However, some crop 
consultants argued that although Fontelis + captan tank mixtures 
were applied to thousands of acres of apples, chemical damage 
was only observed on a small percentage of apples (Rosenberger, 
2013). Further personal discussions with growers and crop con-
sultants in 2013 revealed that certain brands of Captan 80WDG 
had been applied in the situations where damage occurred. Hence, 
manufacturing impurities or certain inert ingredients specific to 
certain brands of captan may have been a factor in the observed 
chemical damage to apples in 2013.
 The use of captan in tank mixtures with single-site fungicides 
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to control for apple scab has become a standard fungicide resis-
tance management strategy throughout the northeastern U.S. 
During the apple phenology stages of petal fall and 10-14 mm 
fruit size, tank mixtures of captan, single-site fungicides, insec-
ticides, fruit thinners and nutrients are often utilized to tackle 
the plant-protection and the horticultural demands of the crop 
during this period. Unfortunately, it is during these phenology 
stages that shoot, leaf, and fruit tissues are highly vulnerable to 
damage by agricultural chemicals (Rosenberger, 2014). When 
captan breaches the cuticle of an apple leaf or fruit and interacts 
with the plant tissue, phytotoxicity in the form of leaf burn or 
fruit russet may result (Rosenberger, 2003). While the EPA label 
for Captan 80WDG clearly advises against applying captan in 
combination with spreaders that cause excessive wetting and 
against application during slow-drying periods, financial, weather, 
and labor constraints often present commercial growers with no 
option but to apply complex tank mixes. 
 The extent of russeting on apples in commercial plantings 
during the 2013 growing season was alarming and generated 
much speculation at fall and winter regional meetings as to 
the culprit. Indeed, it has previously been observed that the 
likelihood of phytotoxicity by captan increases when 1) weather 
conditions extend the period of contact by captan on leaf or fruit 
surfaces, 2) weather conditions delay cuticle development on 
leaves and fruit, and 3) the application of captan in combination 
with surfactants, thinners, or nutrients disrupts the waxy cuticle 
(Rosenberger, 2003; Rosenberger, 2014). To our knowledge, no 
formal study has been conducted to determine the potential for 
fruit and foliar injury using captan in tank mixes with adjuvants, 
thinners, nutrients, and/or any of the forthcoming and newly 
released fungicides. Given the fruit injury observed in 2013, 
we conducted a field trial at the NYS Agricultural Experiment 
Station in Geneva, NY and at a commercial orchard in Gasport, 
NY to investigate the potential for phytotoxicity when captan 
was applied in combination with common spray adjuvants and/
or new SDHI fungicides under slow drying conditions during 
apple thinning timings. Specifically our objectives for the 2014 
phytotoxicity trial were to:
1) Determine the extent of chemical injury to apple fruit caused 
by applications of captan made in combination with newly released 
SDHI fungicides alone and in the presence or absence of penetrat-
ing enhancers (adjuvants) during slow drying conditions at key 



12  NEW YORK STATE HORTICULTURAL SOCIETY

fruit thinning timings.
2) Determine the extent of apple 
foliar and fruit chemical injury 
following applications of Captan 
Gold 80WDG or Red Eagle Cap-
tan 80WDG in combination with 
adjuvants, thinning materials, 
Fontelis SC, and/or urea during 
slow drying conditions at key fruit 
thinning timings.

Methods 
 Geneva, NY Trial. In 2014, 
a trial was conducted at the New 
York State Agricultural Experi-
ment Station in Geneva, NY to 
evaluate the extent of injury to 
leaves and fruit following the appli-
cation of tank mixtures of captan, 
single-site fungicides, and/or adjuvants (See Table 1 for list of treat-
ments). The orchard site was a planting of 10-yr-old ‘Buckeye Gala’ 
trees on B.9 rootstocks. Treatments were applied dilute to runoff 
using a gas powered backpack sprayer (200 PSI). Treatments were 
applied at petal fall and 10-14 mm fruit size, and attempts were 
made to apply materials during a time in which slow drying condi-
tions would be promoted (i.e. cloudy, cool temperature, humid). 
The petal fall application was made on the morning of 23 May with 
overcast skies and with a temperature of 51°F and a relative humid-
ity of 88%. There was light precipitation (< 0.2 in.) in the five hours 
following the petal fall application and the temperature for the day 
never exceeded 56°F. The 10-14 mm fruit application occurred on 
the morning of 2 Jun with partly cloudy skies and a temperature 
ranging from 68°F at the beginning of the application to 77°F at 
the completion of the application. Relative humidity during the 
applications ranged from 54 to 67%. Calendar-based applications 
of protectant fungicides, insecticides, and herbicides were applied 
to all trees for plot maintenance throughout the duration of this 
trial. 
 The incidence of chemical damage on leaves and developing 
fruit was assessed 
on 12 Jun 2014. The 
incidence of dam-
age to cluster leaves 
was expressed as 
the number of clus-
ter leaves displaying 
symptoms of chemi-
cal damage out of 5 
total cluster leaves. 
Ten such collections 
were taken for each 
of four treatment 
replicates. The in-
cidence of chemi-
cal damage symp-
toms on develop-
ing fruit (3-4 cm) 
was expressed as 
the number of fruit 
with chemical dam-

age out of five randomly collected fruit with 10 such collections 
per treatment replicate. The incidence of chemical damage on 
mature fruit at harvest was assessed on 7 Aug and was evaluated 
in an identical manner as the incidence of chemical damage on 
developing fruit. Chemical damage data were subjected to analysis 
of variance (ANOVA) for a randomized block design using ac-
cepted statistical procedures and software (i.e. Generalized Linear 
Mixed Models (GLIMMIX)) procedure of SAS (version 9.4; SAS 
Institute Inc., Cary, NC). All percentage data were subjected to 
arcsine square root transformation prior to analysis. 
 Gasport, NY Trial. In 2014, a trial was conducted at a com-
mercial apple orchard in Gasport, NY to evaluate the extent of 
injury to leaves and fruit following the application of tank mixtures 
of Captan Gold 80WDG or RedEagle Captan 80WDG, Fontelis SC, 
adjuvants, chemical thinners, and/or urea (See Table 2 for list of 
treatments). The orchard site was a planting of high-density tall 
spindle ‘Golden Delicious’ trees. Treatments were applied dilute to 
runoff using a gas powered backpack sprayer (200 PSI). Treatments 
were applied at petal fall and 1st cover (10-14 mm fruit size) and 
attempts were made to apply materials during a time in which slow 

Table 1.  Products and application rates for treatments that were applied to ‘Gala’ at petal fall and 10-14 mm fruit 
size at a research orchard in Geneva, NY.

  Cluster Leaf Early Fruit  Harvest Fruit
Trt # Treatment programs (amt./A) Damage (%)* Damage (%) Damage (%)

  1 Non-treated 0.0 ± 0.0 d 0.5 ± 0.5 c 2.5 ± 1.5 e
  2 JMS Stylet Oil 256 fl oz. + Captan 80 WDG 5 lbs. 99.0 ± 1.0 a 86.5 ± 4.9 a 72.4 ± 6.5 a
  3 Captan 80 WDG 5 lbs. 3.0 ± 1.7 d 3.5 ± 3.5 c 4.0 ± 1.2 e
  4 Fontelis 20 fl oz. 2.0 ± 1.2 d 0.0 ± 0.0 c 5.5 ± 3.1 e
  5 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs. 41.5 ± 2.1 c 6.0 ± 4.2 c 4.5 ± 0.5 e
  6 Captan 80 WDG 5 lbs. + Regulaid 32 fl oz.** 38.0 ± 15.1 c 11.0 ± 3.1 c 11.5 ± 3.1 de
  7 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs + Regulaid 32 fl oz. 90.0 ± 3.6 a 31.0 ± 3.7 b 30.0 ± 6.3 c
  8 Captan  80 WDG 5 lbs. + LI-700 32 fl oz.** 10.5 ± 5.6 d 39.0 ± 6.6 b 45.5 ± 8.7 b
  9 Fontelis 20 fl oz. + LI-700 32 fl oz. 2.5 ± 2.5 d 2.0 ± 0.8 c 5.5 ± 1.3 e
10 Fontelis 20 fl oz. + Captan 80 WDG 2.5 lbs + LI-700 32 fl oz. 71.5 ± 7.7 b 44.5 ± 5.4 b 23.5 ± 3.9 cd
11 Merivon 5.5 fl oz. + Captan 80 WDG 2.5 lbs. 5.0 ± 1.7 d 2.0 ± 1.4 c 2.5 ± 1.9 e
12 Inspire Super 12 fl oz.+ Captan 80 WDG 2.5 lbs. 2.0 ± 2.0 d 1.0 ± 0.6 c 3.5 ± 1.5 e
13 Calypso 8 fl oz. + Sevin XLR Plus 16 fl oz. + Captan 80 WDG 2.5 lbs. 2.0 ± 1.2 d 1.5 ± 0.9 c 6.5 ± 1.3 e

    
 * All values are disease incidence and the means and standard errors of at least 10 sets of cluster leaves or fruit samples 

across four replicate trees. Values within columns followed by the same letter are not significantly different (P <0.05) 
according to LSMEANS procedure in SAS 9.3 with an adjustment for Tukey’s HSD to control for family-wise error.

** Amount per 100 L for all Regulaid or LI-700 treatments

Table 2.  Products and application rates for treatments that were applied to ‘Golden Delicious’ at petal fall and 10-14 mm fruit 
size at a commercial orchard in Gasport, NY.

  Cluster Leaf Early Fruit  Harvest Fruit
Trt # Treatment programs (amt./A) Damage (%)* Damage (%) Damage (%)

  1 Non-treated 4.0 ± 2.3 g 2.3 ± 1.5 e 14.0 ± 2.0 g
  2 Fontelis SC 20 fl oz 50.0 ± 9.2 bcd 9.0 ± 5.8 cde 40.0 ± 4.9 bcd
  3 Regulaid 32 fl oz **+ Sevin XLR 48 fl oz + Urea  2.5 lbs 37.3 ± 8.8 def 29.7 ± 13.7 a 31.9 ± 4.8 cde
  4 Captan Gold 80WDG 2.5 lbs 21.3 ± 17.3 fg 4.3 ± 2.2 de 15.4 ± 1.9 fg
  5 RedEagle Captan 80WDG 2.5 lbs 25.3 ± 9.8 fg 9.7 ± 5.3 cde 32.1 ± 2.6 cde
  6 Captan Gold 80WDG 2.5 lbs. + Regulaid 32 fl oz.. 26.0 ± 3.1 ef 4.3 ± 3.8 de 29.9 ± 3.7 cde
  7 RedEagle Captan 80WDG 2.5 lbs + Regulaid 32 fl oz.. 38.7 ± 7.5 def 6.2 ± 4.7 de 44.4 ± 4.9 ab
  8 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz 42.7 ± 21.5 def 15.7 ± 3.3 bcde 48.0 ± 5.2 ab
  9 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz 67.3 ± 8.1 bc 9.2 ± 5.7 cde 28.3 ± 3.0 defg
10 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Regulaid 32 fl oz 92.7 ± 5.3 a 21.5 ± 6.0 abc 29.0 ± 2.4 cdef
11 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Regulaid 32 fl oz 70.7 ±  25.4 b 3.3 ± 1.2 e 18.0 ± 2.8 efg
12 Captan Gold 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 95.3 ± 3.7 a 16.8 ± 11.1 abcd 14.3 ± 4.0 g
13 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 98.7 ± 0.7 a 24.2 ± 5.4  ab 51.3 ± 5.5 ab
14 Fontelis SC 20 fl oz + Sevin XLR 48 fl oz 47.3 ± 9.3 cde 29.2 ± 11.7 a 28.8 ± 6.0 cdefg
15 RedEagle Captan 80WDG 2.5 lbs + Fontelis SC 20 fl oz + Sevin XLR 48 fl oz  
 + Urea 2.5 lbs + Regulaid 32 fl oz 98.0 ± 1.2 a 26.7 ± 11.4 ab 57.4 ± 4.2 a
       

* All values are disease incidence or disease severity and the means and standard errors of at least 10 sets of cluster leaves or fruit samples 
across three replicate trees. Values within columns followed by the same letter are not significantly different (P <0.05) according to 
LSMEANS procedure in SAS 9.3 with an adjustment for Tukey’s HSD to control for family-wise error.

 **Amount per 100 L for all Regulaid treatments
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drying conditions would be promoted (i.e. 
cloudy, cool temperature, humid). The petal 
fall application was made on the morning of 
27 May with overcast skies and a temperature 
ranging from 71°F at the beginning of the 
application to 75°F at the completion of the 
application. Winds were negligible (< 5 mph) 
and relative humidity was 64%. The 10-14 
mm fruit application occurred on 4 Jun with 
partly cloudy skies and a temperature ranging 
from 64°F at the beginning of the application 
to 67°F at the completion of the application. Relative humidity 
during the applications was 50%. Calendar-based applications of 
protectant fungicides, insecticides, and herbicides w ere applied 
to all trees for plot maintenance throughout the duration of this 
trial. 
 The incidence of chemical damage on leaves and developing 
fruit was assessed on 13 Jun and 7 Jul 2014, respectively. The in-
cidence of damage to cluster leaves was expressed as the number 
of cluster leaves displaying symptoms of chemical damage out of 
5 total cluster leaves. Ten such collections were taken for each 
of three treatment replicates. The incidence of chemical damage 
symptoms on developing fruit (3-4 cm) was expressed as the num-
ber of fruit with chemical damage out of five randomly collected 
fruit with 10 such collections per treatment replicate. The severity 
of chemical damage on mature fruit at harvest was assessed on 30 
Sep 2014. Severity of damage on mature fruit was expressed as the 
percentage of russeting on the surface of the apple. For each of 3 
treatment replications, 50 individual fruit were assessed. All chemi-
cal damage data were subjected to analysis of variance (ANOVA) 
for a randomized block design using accepted statistical procedures 
and software (i.e. Generalized Linear Mixed Models (GLIMMIX)) 
procedure of SAS (version 9.4; SAS Institute Inc.). All percentage 
data were subjected to arcsine square root transformation prior 
to analysis. 

Results and Discussion
 Geneva, NY Trial. The incidence of chemical damage on 
cluster leaves ranged from 0 to 99% with the untreated program 
(Trt 1) and the Captan 80WDG + JMS Stylet Oil program (Trt 2) 
(Figure 1) representing the endpoints of this range, respectively. 
Less than 10% damage on leaves was found in the majority of treat-
ment programs (Table 1). While application of Captan 80WDG or 
Fontelis in combination with LI-700 (Trt 8 or Trt 9 respectively) 
did not differ significantly compared to the untreated program 
(Trt 1) in terms of incidence of chemical damage on leaves, the 
mixture of all 3 materials (Fontelis, + Captan 80WDG + LI-700; 
Trt 10) did result in a high level of damage 
to leaves (72%). The application of Fontelis 
mixed with Captan 80WDG (Trt 5) also 
resulted in a significantly higher level of dam-
age to leaves compared to other programs in 
which a single site fungicide was applied in 
combination with Captan 80WDG (Trt 11 
and Trt 12). There was no significant differ-
ence, however, in chemical damage to leaves 
between the Fontelis + Captan 80WDG pro-
gram (Trt 5) or when Captan 80WDG was 
applied in combination with Regulaid (Trt 
6). However, chemical damage to leaves was 

Figure 3.  Chemical damage on ‘Gala’ leaves or developing fruit following two applications of Captan 
Gold 80WDG + Fontelis SC + Regulaid.

Figure 1. Chemical damage on ‘Gala’ leaves and developing fruit following two applications of 
Captan Gold 80WDG + JMS Stylet Oil.

much greater when Captan Gold 80WDG was applied in a tank 
mixture with Regulaid compared to when the adjuvant LI-700 was 
applied with captan (Figure 2). 
 The incidence of chemical damage on developing fruit ranged 
from 0.0 to 87% with Fontelis (Trt 4) and Captan 80WDG + JMS 
Stylet Oil program (Trt 2) representing the endpoints of this range, 
respectively. While Captan 80WDG mixed with LI-700 (Trt 8) 
resulted in 39% chemical damage to developing fruit (Figure 2), 
the addition of Fontelis to this tank mixture did not significantly 
enhance the level of damage. Despite causing high levels of damage 
to cluster leaves, chemical damage to developing fruit under the 
Fontelis + Captan 80WDG program (Trt 5) was as low, statisti-
cally, as the untreated program (Trt 1). The addition of Regulaid 
to the Fontelis + Captan 80 WDG program (Trt 7), however, did 
lead to significantly higher levels of damage than when Captan 
80WDG was applied with either material alone (Figure 3). For 
most programs, there was more chemical damage on mature fruit 
at harvest. This was most likely due to the second application made 
on 2 Jun. The incidence of damage on fruit was actually lower for a 
couple of treatments between the two rating timings. These lower 

Figure 2.  Chemical damage on ‘Gala’ leaves or developing fruit following 
two applications of A) Captan Gold 80WDG + Regulaid or B) 
Captan Gold 80WDG + LI-700.



difficulty in replicating exact spray conditions and predicting cus-
tom tank mixtures that growers may choose, it may be advisable 
to spot test potential damaging mixtures and use caution when 
slow-drying application conditions cannot be avoided. 
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percentages in chemical damage to fruit were probably observed 
because of early abscission of severely damaged fruit.
 Gasport, NY Trial. The incidence of chemical damage on 
cluster leaves ranged from 4 to 99% with the untreated program 
(Trt 1) and the RedEagle Captan 80WDG + Fontelis SC + Sevin 
XLR program (Trt 13) representing the endpoints of this range, 
respectively. When applied in the absence of a mix partner(s), 
the incidence of chemical damage to leaves caused by either 
captan product was not significantly different than the untreated 
treatment. The application of Captan Gold 80WDG or RedEagle 
Captan 80WDG in combination with Regulaid (Trt 6 or Trt 7, 
respectively) did not cause significantly greater chemical damage 
to leaves compared to captan applied alone. However, the addition 
of Fontelis SC to each of the aforementioned tank mixtures did 
result in a high level of damage to leaves (93% and 71% damage 
incidence, respectively). These results were consistent with the 
damage to ‘Gala’ cluster leaves observed in the Geneva trial for 
the Captan Gold 80WDG + Fontelis SC + Regulaid application. 
 The severity of chemical damage on mature fruit at harvest 
ranged from 14 to 57% with the untreated program (Trt 1) and 
RedEagle Captan 80WDG + Fontelis SC + Sevin XLR + urea + 
Regulaid program (Trt 15) representing the endpoints of the 
range, respectively. With the exception of the captan + Fontelis SC 
programs (Trt 8 and Trt 9), programs containing RedEagle Captan 
80WDG consistently had significantly greater chemical damage 
severity on mature fruit when compared directly to an identical 
program containing Captan Gold 80WDG (i.e. Trt 4 vs Trt 5, Trt 
6 vs Trt 7, Trt 12 vs 13). One explanation for the elevated damage 
observed when RedEagle Captan 80WDG was applied in tank 
mixture was the failure for the fungicide to dissolve completely. In 
comparison to Captan Gold 80WDG, RedEagle Captan was dif-
ficult to get in solution and consistently formed gelatinous clumps 
in water. If growers had similar difficulties, concentrated deposits 
of captan on fruit or leaf surfaces could have led to an increased 
likelihood of the product entering plant tissue. This could espe-
cially be the case in the presence of an adjuvant like Regulaid that 
promotes increased uptake and longer drying times. 

Conclusions
 In general, chemical damage to leaves and fruit was greater 
as tank mixtures with captan increased in complexity. While 
this study identified a number of combinations of agricultural 
chemicals that could enhance the likelihood of poor fruit finish, 
many questions still remain unanswered about the effect of other 
products (i.e. surfactants, captan formulations, other fungicides 
and insecticides). Furthermore, experiments were designed in a 
way such that maximum chemical damage could be observed on 
trees and allow us to see differences between treatments. For ex-
ample, while we applied the maximum rate of Regulaid or LI-700 
(32 fl oz/100L), growers often apply half of this amount or less. 
Since applications of captan under alkaline conditions may cause 
phytotoxicity, and because many of the agricultural products used 
in this study can affect water pH, it would have also been interesting 
to test the pH of our tank mixtures just prior to application. Based 
on our results we would advise growers to consider the brand of 
Captan when treating russet-prone cultivars during conditions 
that are favorable for phytotoxicity, even when not mixed with 
other products. Using the protectant fungicide mancozeb, instead 
of captan during periods when plant tissue is especially vulnerable 
to chemical damage is encouraged. Unfortunately, because of the 


