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Bitter rot is more prevalent in northern regions 
than it was 40 or even 20 years ago. 

What changed? 
1. Effects of global warming: more hot wet weather 

3. Late maturing cultivars (e.g., Cripps Pink) may 
become infected after residues from the last 
fungicide are exhausted by fall rains.  
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2. Introduction of susceptible cultivars: Honeycrisp 

4. Until 1990, mancozeb was used in summer 
sprays and may have suppressed bitter rot 
development. 



Over the past decade, our understanding of 
the fungi causing bitter rot has also changed: 

Species causing bitter rot in 2006: 
C. acutatum, C. gloeosporioides, Glomerella cingulata 
   from González, Sutton, and Correll. 2006.  Phytopathology 96:982-992.   
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Species causing bitter rot in 2016: 
C. gloeosporioides complex
     C. gloeosporioides
     C. fructicola
     C. alienum
     C. siamense
     C. ainigma
     C. piri
     C. theobromicola

C. acutatum complex
   C. paranaense:  Clade 1
   C. melonis:  Clade 1
   C. nymphaeae:  Clade 2
   C. fioriniae:  Clade 3
   C. acutatum:  Clade 4
   C. acerbum:  Clade 5
   C. godetiae:  Clade 5
   C. pyricola:  Clade 5
   C. salicis:  Clade 5�
   C. rhombiforme  Clade 5

C. bioninense complex
     C. karstii

(species shown in red are�
probably the most important)



Impression from my (incomplete) lit review 

1. C. acutatum species seem to predominate 
in cooler climates, C. gloeosporioides 
species in warmer climates. 
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2. Glomerella leaf spot is caused primarily by 
species in the C. gloeosporioides group (C. 
fructicola in Brazil) and by C. karstii in the 
C. bioninense group; role of C. acutatum 
sp. in leaf spotting is questionable. 

3. C. fioriniae predominates in the northeast. 
4. C. godetiae may predominate 

in Europe. 



New species, new problems? 

Interpreting older literature is now difficult: 
e.g., Brooks and Cooley (1917) showed that bitter rot will 

not develop at temperatures below 41 F. 
But Børve and Stensvand (2015) reported that bitter rot is 

the major cause of postharvest decays in Norway, and 
C. fioriniae has been reported as a postharvest decay 
in both NY and PA.  
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The wide host range reported for C. fioriniae raises 
possibilities of a complex life cycle in orchards. 

So which species can actually grow in apples at 
 1 to 3 °F  (i.e., act as postharvest pathogens)? 



Colletotrichum as entomopathogen, endophyte   

At least three C. acutatum species infect insects: 

C. fioriniae attacks Hemlock scale (Marcelino et al., 2008).  
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An unidentified species from the C. acutatum complex 
was recently shown to cause mortality in the Asian 
chestnut gall wasp (Graziosi and Rieske, 2015).  

C. gloeosporioides f. sp. ortheziidae infects citrus scale 
(Cesnik et al., 1996), but this species may actually be 
C. nymphaeae (Damm et al., 2012a).  

Another species grows as an endophyte in cacao 
and protects trees from Phytophthora infection. 



Colletotrichum as entomopathogen, endophyte   

C. fioriniae has been shown to grow as an 
endophyte in many broad-leaved plants, 
including many weed species found in orchards 
(Marcelino et al., 2009). 
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Colletotrichum species may have developed a 
commensal or mutualistic relationship with some 
plant hosts because of its ability to suppress 
insect pests and/or other pathogens.  

So where is Colletotrichum lurking in orchards? 



Information is needed for devising controls: 

1. Eighteen species have been recovered from 
apples or pears, but which species are really 
important and how does their biology differ? 
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2. In the northeast, what are the major 
inoculum sources? 

Pruned twigs left 
beneath trees 
from one year to 
the next? 



Inoculum sources:  
  fruit mummies on the orchard floor? 

. 

Overwintering fruit mummies on the orchard 
floor?  Photos show hand-thinned apples 
colonized by Colletotrichum in the Champlain 
Valley near Peru, NY, in a McIntosh block 
with a history of bitter rot problems, as 
photographed on 3 August after a week of 
exceptionally hot and humid weather.  



In one case, inoculum came 
from horse-chestnut (Aesculus 

hippocastanum) trees next to the 
orchard 

Inoculum sources:  
  Trees in orchard perimeters? 

Colletotricum infections 
on horse chestnut 

leaves (above), along 
with an apple from a 
nearby tree showing 

signs of bitter rot. 



. 

Inoculum sources:  
  Endophytically infected weeds? 

Can clipped leaves/flowers of endophytically infected weeds 
produce and release spores after orchards are mowed? 
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Heat injury on Honeycrisp (below) is 
sometimes followed by extensive 
development of bitter rot (right). 

What are the triggers that lead to  
   bitter rot outbreaks in the Northeast?



1. Wound-inoculation tests on apple fruit bypass a 
major defense mechanism: the fruit epidermis. 

Perhaps not all species that invade wound-
inoculated fruit will prove to be pathogens on 
non-wounded fruit? 

2. Not all Colletotrichum species recovered from 
apple leaves are capable of causing leaf 
lesions upon re-inoculation. 
    (e.g., see González, Sutton, and Correll. 2006.     
                                     Phytopathology 96:982-992). 

Concerns moving forward: 
   How do we define or test pathogenicity? 



Golden Delicious trees at the 
Hudson Valley Lab in August 2012 
showing leaf drop typical of necrotic 
leaf blotch (left), except that leaves 
had lesions from which Colletotri-
chum fiorinae was recovered. 
However, no Colletotrichum was 
recovered using identical methods 
when the same symptoms occurred 
again a year later. 



Concerns moving forward: 
   How do we test pathogenicity on leaves? 

In 2012, C. fioriniae was recovered from most leaf spots on 
Golden Delicious showing classic symptoms of necrotic 
leaf blotch (NLB), but similar attempts by the same tech 
from identical lesions in 2013 failed to recover C. fioriniae. 

Hypothesis #1: C. fioriniae (and other species in the acutatum 
group?) only invade leaves damaged or compromised by 
other pathogens/conditions. 

Hypothesis #2: NLB may be attributable to plant responses to  
Aureobasidium pullulans, the major epiphyte on apple 
leaves in late summer and a fungus known to produce 
biofilms. 



Tangent: Can A. pullulans damage leaves? 

   “Pullulan is a linear glucosic polysaccharide produced by 
the polymorphic fungus Aureobasidium pullulans ….”
    “With its unique linkage pattern, pullulan demonstrates 
distinctive physical properties, such as adhesive ability, the 
capacity to form fibers, and thin biodegradable films, which 
are transparent and impermeable to oxygen (Yuen 1974).”



Concerns moving forward: How do we test 
pathogenicity of Colletotrichum on leaves? 

Challenge: Design leaf pathogenicity tests for Colletotrichum 
species using leaves that have not been compromised by 
A. pullulans (i.e., absence or only low populations of A. pullulans.) 

In 2012, C. fioriniae was recovered from most leaf spots on Golden 
Delicious showing classic symptoms of necrotic leaf blotch (NLB), but 
similar attempts by the same tech from identical lesions in 2013 failed 
to recover C. fioriniae. 

Hypothesis #1: C. fioriniae (and other species in the acutatum group?) only 
invade leaves damaged or compromised by other pathogens/
conditions. 

Hypothesis #2: NLB may be attributable to plant responses to  
Aureobasidium pullulans, the major epiphyte on apple leaves in late 
summer and a fungus known to produce biofilms. 


