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Anthracnose 
Ripe fruit rot/black spot:  

Colletotrichum acutatum 
 
 
 

Crown rot: C.  gloeosporioides 

Symptoms appear as whitish, water 

soaked lesions (3mm) eventually 

become sunken and black 

Symptoms: Above ground-Plant 
collapse/wilting and death; Crown-firm, 
reddish brown/marbled appearance 



The Anthracnose Pathogens 

Species 
Associated 

Disease Phase 

Economic 

Importance in 

NC 

Colletotrichum 

acutatum 
Fruit rot High 

Colletotrichum 

gloeosporioides 
Crown rot 

Low to 

moderate 

Colletotrichum 

fragariae 
Crown rot 

Not found 

since 1986 



Disease cycle of C. acutatum on strawberry

Plant 

debris

Warm 
Temperature

High RH
Transplant

Acervulus 

with conidia

Rain and

irrigation

Sporulating 

lesions

Dissemination

Survival Infection

Germination

L. Leandro 



Secondary 

conidia 

Initial conidium 

Initial conidium  
Appressorium 

Germination and Sporulation of Colletotrichum acutatum on Symptomless 

Strawberry Leaves. L. F. S. Leandro, M. L. Gleason, F. W. Nutter, Jr., S. N. 

Wegulo, and P. M. Dixon. 2001. Phytopathology 91:659-664. 
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Effects of Strawberry Extracts on C. acutatum 

* 

* 

* P=0.05 * 

* * 

* P=0.05 

Leandro et al. 2002 





(Gramoxone) Paraquat-killed leaves allow the pathogen to grow out.  

The pathogen reproduces on green leaves without 

showing symptoms. 



All parts of strawberry are susceptible to C. acutatum 

Anthracnose petiole rot, flower blight & green fruit rot  
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Problems in plug 

production and  

transplants (plant 

source) 



Poor grow-out of infected plants 



I. Prevention: (Apparently) 

Disease Free Plants 

Manage problems  

vs.  

import problems 



Biology: Anthracnose of strawberry 

•Infested plants are the main source of disease. 

•Observations suggest over-summering/wintering of the 

pathogen does not occur if all infected plants are 

destroyed after final harvest. 

•Infested tips leads to widespread problems in plug 

houses 

•Quiescent infections may be present and fruit rot 

epidemics occur under favorable conditions 

•C. gloeosporioides can originate from wild hosts 

•C. acutatum has a wide host range but…. 



0.1 

PJ23-Avocado New Zealand 
PJ1-Avocado New Zealand 
PF24-Peach Arkansas 
BMI 1-Spinach Arkansas 
RL8-Pine New Zealand 
PJ28-Pear New Zealand 
LC7-Pecan Alabama 
LC1-Pecan Alabama 
RL7-Pine New Zealand 
1332-Strawberry New Zealand 
1328-Blueberry New Zealand 
FRC7-Dodder Massachusetts 
PJ6-Citrus New Zealand 

1337-Tomato New Zealand 
PJ3-Purrir New Zealand 
1335-Tomato New Zealand 
1333-Apple New Zealand 

PJ7-Strawberry New Zealand 
JA2-Almond California 
JA6-Almond California 
DM6-Almond California 
DM1-Almond California 
PJ4-Kiwi Newzealand 
LU1-Blueberry Washington 

DR12- Banana Pepper North Carolina 
FRC21-Cranberry Massachusetts 
FRC24-Cranberry Massachusetts 

A38-Apple Arkansas 
CL85-Apple Arkansas 
VA207-Apple Virginia 
FRC2-Dodder Massachusetts 
WM1-Mulberry Arkansas 
SF3-Peach South Carolina 

SF06-Almond Israel 
SF07-Almond Israel 
PJ15-Feijoa New Zealand 
AU8-Strawberry Florida 
AS 1-Strawberry Norway 

S 1-Rhododendron Sweden 
JA4-Almond California 
PJ18-Tamarilo New Zealand 

PJ49-Citrus New Zealand 
PJ50-Citrus New Zealand 
PJ16-Pear New Zealand 

PJ11-Apple New Zealand 
PJ19-Apple New Zealand 

PJ21-Nashi New Zealand 
PJ9-Strawberry New Zealand 

PJ5-Persimmon New Zealand 
632-Strawberry Arkansas 
STR2-Strawberry South Carolina 

SF01-Strawberry Israel 
NP4-Guava Brazil 
JV1-NC Strawberry leaf 

JV2-NC strawberry leaf 
JC1-NC strawberry leaf 
ED7456 NC strawberry fruit 
ED7452-NC strawberry fruit 
JC10731-NC strawberry fruit 
RB1-NC strawberry fruit 
JC10732 -NC strawberry fruit 
WD1-NC strawberry leaf 

WD2-NC strawberry  fruit 
LLB17-Pecan Taiwan 

LLB18-Pecan Taiwan 
RL9-Pine Australia 

RL10-Pine Australia 
HO27-Pecan Georgia 

A138-Apple Arkansas 
783-Dodder China 

PJ65-Lupine UK 
PJ40-Tree lupine New Zealand 
PJ64-Lupine Canada 
PJ62-Lupine France 

PT3-Orange Florida 
PT4-Orange Florida 

DN1-Leatherleaf fern Florida 
MD28-Passion fruits Florida 

MD15-Key lime Florida 
MD33-Key lime Florida 

NP1-Strawberry Brazil 
RL6-Pine New Zealand 

56816-Papaya Australia 
26258-Pine New Zealand 
PJ29-Pine New Zealand 
PJ8-Nashi New Zealand 
RL5-Pine New Zealand 
1346-Tomato New Zealand 

NC211 
NC329 

C. gloeosporioides 
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C1b 

C1a 

Phylogenetic tree based on Neighbor Joining 

(NJ) analysis of the 1-kb glutamine synthetase 

gene  intron sequences, illustrating the 

relationship of C. acutatum isolates obtained 

from North Carolina strawberry fruit 

anthracnose and quiescent leaf infections 

compared to a diverse world collection. 

Bootstrap values are labeled on the top of the 

tree branch. Scale bar represents the average 

number substitutions per site over time. 

Mitochondrial DNA haplotypes or groups are 

bracketed on the right. 

E 

Strawberry isolates 

NC-pepper 

Wide Host Range: 

Advocado 

Peach 

Spinach 

Pine seedlings 

Blueberry 

Cranberry 

Apple 

Pepper 

Orange 



II. Detection and Sampling 

Technologies 

C. gloeosporioides 

C. acutatum 

Adaptive cluster sampling 2012/2013 



Technical/Scientific Limitations:  

 

Will new detection technologies (DNA-based assays) 
improve detection capabilities? How do you sample 
large fields of nursery plants?  

 

What is the difference between Colletotrichum 
acutatum and C. gloeosporioides in terms of risk. Do 
they both require zero tolerance in the nursery? 

 

Are all strains of equal risk?   

 



III. Culture Practices 

• Scout for problems 

• Rogue out infected plants or trays (low level problem) 

• Bury or destroy (no herbicide kill) 

• N source (Ca(NO3)2 not ammonium) and optimum levels 

• Avoid excess overhead irrigation (Protect against rain?) 

• Pick infested fields last (Quarantine) 

• Do not work plants when wet 

• Do not do hand sanitation in spring 

• Remove infected berries 



Smith, B. J. 2009. Nitrogen 

fertilizer affects the severity 

of anthracnose crown rot 

disease of greenhouse 

grown strawberries. Online. 

Plant Health Progress 

doi:10.1094/PHP-2009-

0609-01-RS. 

Summary 

(C. gloeosporioides): 

 

Use Optimum N Rates 

 

Use Ca(NO3)2 rather 

than ammonium forms 



Effects of nitrogen, phosphorus, potassium and calcium nutrition on strawberry 

anthracnose 

Plant Pathology 

Volume 55, Issue 2, pages 246-249, 17 JAN 2006 DOI: 10.1111/j.1365-3059.2006.01322.x 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2006.01322.x/full#f1 

http://onlinelibrary.wiley.com/doi/10.1111/ppa.2006.55.issue-2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2006.01322.x/full#f1
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2006.01322.x/full#f1
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2006.01322.x/full#f1
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2006.01322.x/full#f1


IV. Fungicides 



Integrated Management Programs 

• Screen products for 

efficacy 

• Integrate products into 

program for 

anthracnose, Botrytis, 

and resistance 

management 

•Make IPM recommendations for growers 



Plug Test - Stunting  

Rating: 1 = Dead, ….6 = Not stunted 

18.8% Dead Plants, 40-75% Fruit rot 

Colletotrichum acutatum 



18.8% Dead Plants, 40-75% Fruit rot 
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No spray

Captan + Elevate 1-10

BAS 516 (Pristine) 1-10

Quadris 1-10

Thiram 1-10

Anthracnose  Incidence Castle Hayne Trial 2002



* Applications 1-10 correspond to weekly applications between 14 Mar and 16 May.  Alternatively, fungicides were limited 

to 4 appl applied early season only (appl 1-4) or beginning at first appearance of anthracnose fruit rot (appl 6-9; no 

application in week 5).  

** Values followed by the same letter within a column are not significantly different. 

Treatment and rate/A 
Timing* 

Anthracnose 

(%)** 

Total yield 

(lb/plot) 

Marketable 

fruit (%) 

Sanitation  ………………………………...………... - 19.3 f 12.4 50.7 a 

No spray ……………………………………............ - 17.5 ef 13.1  54.6 ab 

Captan 50WP 4.0 lb + Quadris 2.08SC 9.0 fl oz  ..... 6-9 11.9 de 14.1 70.8 cd 

Captan 50WP 4.0 lb + Quadris 2.08SC 9.0 fl oz 

Switch 62.5 WG 0.88 lb ………………….......... 

1,2 

3,4  9.9 cd 14.2 64.0 bc 

Thiram 65 WSB, 3.0 lb …………………………..... 1-10  9.0 bcd 15.9 68.9 cd 

Switch 62.5WG 0.88 lb 

     Quadris 2.08SC 9.0 fl oz ……………………….. 

1,3 

2,4  8.1 abcd 14.5 63.7 bc 

Quadris 2.08SC 9.0 fl oz ………...…........................ 1-10  5.4 abc 13.6 75.8 de 

Elevate 50 WG 1.5 lb + Captan 50WP 5.63 lb …..... 1-10  4.6 abc 15.8 74.8 de 

Switch 62.5WG 0.88 lb 

Elevate 50 WG 1.5 lb  

Captan 50WP 4.0 lb + Quadris 2.08SC 9.0 fl oz . 

1,3 

2,4 

6-9  4.2 ab 18.2 81.3 e 

BAS 516 UDF 38% 1.45 lb …………....................... 1-10  3.0 a 15.4 83.0 e 

LSD (P=0.05) ……………………………………....  5.5 NS  9.6 

Anthracnose Incidence 2002 



Anthracnose Fruit Rot Incidence by Weight on Each Harvest Date 

Castle Hayne NC 2014 

Experimental 



Cabrio/Pristine 

Quadris/Abound 

Cabrio/Pristine AND Quadris/Abound AND Flint all belong to Group 11 Fungicides 



Only from 6th harvest, fungicides were applied 24 h prior to inoculation 
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PROPER COVERAGE AND PENETRATION IS CRITICAL 



V. Forecasting 



Anthracnose fruit rot (Colletotrichum acutatum) 

• affects the foliage, runners, crowns and fruit 

• spores typically come in on transplants and are spread 

by wind-driven rains 

• development is favored by temperatures greater than 

65°F and wet weather (>12h of Leaf Wetness – LW).  

 

Botrytis fruit rot (Botrytis cinerea) 

• important pre-harvest and post-harvest disease of 

strawberry affecting the floral parts, including stamens 

and petals 

• requires free moisture (>6h of LW) and temperatures 

between 60°F and 72°F to infect and sporulate 

 

Model Parameters 



Prediction based spray schedule 

YEAR 1 
Treatments # of 

sprays 

applied 

AFR 

inciden

ce (%)ab 

Marketable 

yield 

(lb/plant)b 

Non treated control - 8.5 a 0.73 b 

Regular Schedule 
   Captan 50WP 4.0 lb + Topsin M 70W 1.0 lb  

   Pristine WG 1.45 lb  

   CaptEvate 68WDG 4.5 lb 

   Pristine WG 1.45 lb ……………………… 

1 

2, 4 

3, 5, 7 

6, 8 

 

 

 

3.2 b 

 

 

 

0.87 a 

Prediction based schedule 
  Captan 50WP 4.0 lb  

  Captan 50WP 4.0 lb  

  Pristine WG  1.45 lb  

 

 

1 

2 

3 

 

 

 

4.4 b    

 

 

 

0.75 ab 
aDisease incidence was calculated from all harvested fruits over 8 weeks 
bMeans in a column followed by the same letter are not significantly different by 
Fisher’s protected LSD test (α ≤ 0.05). 
 



Results: YEAR 2 

aDisease incidence was calculated from all harvested fruits over 6 weeks 

*Harvest season was shortened likely due to late planting 
bMeans in a column followed by the same letter are not significantly different by 

Fisher’s protected LSD test (α ≤ 0.05). 
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O’Connell et al. 2012. Lifestyle transitions in plant 

pathogenic Colletotrichum fungi deciphered by 

genome and transcriptome analyses.  

Nature Genetics 44:1060-1065  

VI. Host Resistance 
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IPM Of Anthracnose Fruit Rot 

I. Prevention: (Apparently) 

    Disease Free Plants 

II. Detection and Sampling    

    Technologies 

III. Culture Practices 

IV. Fungicides 

V. Forecasting 

VI. Host Resistance 





Key Principles to keep in mind (See Handout): 

 

1. Abound/Quadris, Cabrio, and Pristine belong to the 

same family of chemicals (QoI; Group 11 

chemistry).  

2. Captan, Thiram, and Switch offer a broad spectrum 

of disease control. Switch is not strong against AFR 

in NC research.  

3. Elevate may not be used in more than 2 

consecutive sprays. It is very effective against 

Botrytis but no other fungal pathogens. Resistance 

is known in many fields. 

4. High risk fungicides of the same chemical class 

should not be applied in consecutive applications. 

Extension Products: (smallfruits.org) 



SCHEDULE 1. For cases when there is no risk of 

anthracnose and growers need to focus on gray mold 

control (most fields): 

Application 1: At FIRST bloom apply Captan, Thiram 

OR Switch.  

Application 2: If risk of resistance is low, apply Elevate 

OR Fontelis alone; Use CaptEvate, Captan, Thiram or 

Switch if resistance risk is high.  

Application 3: Same as Application 1; use Switch if not 

used yet (usually occurs during the “full-bloom” stage). 

Application 4 and weekly: Rotate two or more of the 

following: Captan; CaptEvate; Elevate; Switch; Fontelis 

depending on the resistance profile in the field. 



SCHEDULE 2. For cases where anthracnose fruit rot 

risk is high and gray mold control is also needed:  

 

Application1: At FIRST bloom apply captan or thiram 

tank mixed with Cabrio.  

Application 2: Apply ONE of these alternatives: 

CaptEvate OR captan.  

Application 3: Same as Application 1.  

Application 4: and weekly: Rotate two or more of the 

following: captan; captan+ Cabrio. 

 

Switch is a good rotation partner; Great Botrytis control 



 

Relative Effectiveness of Various Chemicals for Strawberry Disease Control 

(— = ineffective; +++ = very effective; ? = efficacy unknown) 

Pesticide 

Relative Control Rating 
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Strobilurins: 

azoxystrobin (Abound)  ++ + + + + — +++ — — — — — 

pyraclostrobin (Cabrio) ++ +++ + + + — +++ — — — — — 

pyraclostrobin + boscalid (Pristine) ++ +++ +++
R
 + +++ +++ — ? ? — — — 

Acibenzolar-S-methyl (Actigard) — — — — — — — — — + — — 

Azoxystrobin + difenoconazole (Quadris Top) ++ ++ + ++ ++ ? + — — — — — 

captan (Captan) ++ ++ ++ — ++ + + + + — — — 

copper — — — — +
P
 — +

P
 — — +

P
 — — 

cyprodinil + fludioxinil (Switch) ++ + +++
R
 ? +? +? — ? ? ? — — 

difenoconazole + cyprodinil (Inspire Super) ++ ++ +++
R
 ++

R
 ++? ? - - - - - - 

fenhexamide (Elevate) — — +++
R
 — — — — — — — — — 

fenhexamide + captan (CaptEvate) + ++ +++ — ++ + + + + — — — 

fosetyl-Al (Aliette) — — — — — — ++ — — — ++ ++ 

iprodione (Rovral) — — +++
R
 — ++ — — X — — — — 

mefenoxam (Ridomil) or similar products — — — — — — +++
R
 — — — +++ +++ 



Fungicide Botrytis Anthracnose 

Abound (QoI) + + 

Pristine (QoI) +++ +++ 

Captan ++ ++ 

Quadris Top + ++ 

Inspire Super +++ ++ 

CaptEvate +++ ++ 

Elevate +++ -- 

Scala ++ -- 

Switch +++ + 

Relative Efficacy of Fungicides 



www.smallfruits.org Strawberry IPM Guide 

https://diagnosis.ces.ncsu.edu/strawberry 

http://ipm.ces.ncsu.edu/forecast/ 

http://www.smallfruits.org/
https://diagnosis.ces.ncsu.edu/strawberry
https://diagnosis.ces.ncsu.edu/strawberry


IPM-based Management for Anthracnose ripe fruit rot: 

•buy disease-free plants (Tissue cultured, certified or  

  grown under similar stringent conditions) 

•immediately rogue out infected plants if small  number 

 

•destroy or bury all infected plants/fruit 

 

•initiate QoI fungicides [Cabrio/Pristine] combined with 

or rotated with Captan sprays (NOTE: Failure using 

Quadris has occurred in recent years) 

 

•specific recommendation programs with available 

fungicides for proactive management and re-active 

management of anthracnose ripe fruit rot.  




