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Florent Trouillas
Associate Professor of Cooperative Extension
UC Davis, Department of Plant Pathology
Kearney Agricultural Research and Extension Center



Almond fungal canker diseases:



2015, 2016, 2017
70 orchards, 13 counties

• Sacramento Valley: 36%
• San Joaquin Valley: 64%

Approx. 336 isolates
Annotation of symptoms (dieback, 
gumming, scaffold or trunk cankers)
Orchards 2 – 25 years in age
Different cultivars & rootstocks

Field surveys:

Ceratocystis canker
Band (Bot) canker

Phytophthora cankers
Cytospora canker

Eutypa canker
Collophora canker

Holland et al. 2020. Plant Disease. 



Fungal pathogens associated with cankers:
Holland et al. 2020. Plant Disease. 



Ceratocystis canker: caused by Ceratocystis destructans
• Associated with shaker injuries



Ceratocystis canker: caused by Ceratocystis destructans
• Associated with pruning wounds and mechanical injuries



Botryosphaeria canker diseases: caused by Botryosphaeriaceae fungi
• Band Canker:

– Associated with growth cracks and pruning wounds
– 2 to 5-year-old trees, vigorous cultivars (NP, Carmel, Padre, Butte) 

Themis Michailides

Photo credits: Roger Duncan



Cytospora canker: caused by several Cytospora spp.  

David Doll

• Common in prune and cherry orchards



Cytospora canker: caused by several Cytospora spp.  
• Also found in almond



Eutypa canker: caused by Eutypa lata
• Infect at pruning wounds 
• Infect at cracks near the tree crotch



Silver leaf: Wood decay/canker
• Chondrostereum purpureum

• Also infect at pruning wounds

• Severe cases last few years in California



Field diagnosis:

Phytophthora cankers Ceratocystis canker Eutypa canker Band (Bot) canker



Foamy canker:

David Doll

• Tree physiological response to biotic or abiotic stress
– Example: Aerial Phytophthora, herbicide injury, etc…



Abiotic injuries:

Herbicide injury Acid burn Boron toxicity



Molecular diagnosis:
• Developed using 23 species-specific primers targeting all canker pathogens
• Processing time for the diagnosis has been reduced to about 24 hours, compared to the 3 week



Scaffold selection Harvest (Ceratocystis only) Maintenance pruning (removing or large branches)

• Infections occurs at wounds caused by cultural practices 
• Mainly during primary and secondary scaffold selection
• Not seen when hedging or topping trees

Main infection courts of fungal canker diseases:



• Most infections occur at pruning wounds made for primary or secondary scaffold selection

Main infection courts of fungal canker diseases:



Almond tree pruning:

Standard trained, pruned
annually

Minimally trained, minimally
pruned

Untrained, 
unpruned

Slide credits: Roger Duncan



• Most infections occur at pruning wounds made for primary or secondary scaffold selection

Main infection courts of fungal canker diseases:



• PREVENTION (No curative options)
 Protect pruning wounds on the trunk following scaffold collection
 Prevent disease establishment in the early years of trees

Management of canker diseases:



Pruning wound protection trials

Management of canker diseases:



 Fungicides, pastes, sealants, paints, biocontrol agents were tested

Eutypa lata, Ceratocystis destructans, Cytospora sp., Botryosphaeria dothidea, Neoscytalidium 
dimidiatum, Neofusicoccum parvum, Neofusicoccum mediterraneum, Diplodia mutila

(Holland et al. 2021. Plant Disease.) 

Management of canker diseases:



Trichoderma: Antagonistic fungi – Non toxic
Acts as a competitor and mycoparasite



Application of Trichoderma biocontrol agent (Vintec) at pruning:



Biocontrol of canker diseases:

 Trichoderma products



Management of canker diseases:
How often should growers spray after pruning?

Duration of pruning wound susceptibility
% fungal recovery



Management of canker diseases:
• When to prune? 



• When to prune?

• Avoid rain events 

 Fungal spores are released during rain events

Management of canker diseases:



• When to prune? 

Management of canker diseases:

Delayed pruning 



Thank you!

Holland et al. 2020. Plant Disease

Holland et al. 2021. Plant Disease



Managing Band Canker of Almond
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Band canker has potential of becoming a 
devastating disease in almond.

A conclusion from 2005 research:



double band canker

Year 1

Year 2

Band canker on almond trunk

single band 



Band canker on scaffold and major branch



Band canker in the tree crotch 



Tree death (note excess suckering)



Infection of pruning wounds



Fungal species Almond Pistachio Walnut
Botryosphaeria dothidea + +        + 

Neofusicoccum parvum + + +

Neofusicoccum mediterraneum + + +

Diplodia mutila --- --- +

Neofusicoccum nonquaesitum + --- +

Neofusicoccum vitifusiforme --- + +

Diplodia seriata + + +

Dothiorella iberica + + +

Lasiodiplodia citricola + + +

Neoscytalidium dimitiatum 
(=Hendersonula toruloidea) + + +

Diaporthe rhusicola (Phomopsis) + + +

Diaporthe neitheicola (Phomopsis)                                                                                                                            --- --- +

The Causes:
Summary of Botryosphaeriaceae in nut crops – California  
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Canker curing with fungicides

Disease management

Canker curing by injecting fungicides
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water-splashed

Infected trees need to be removed entirely

airborne ascospores in  orchards



Walnut orchard

more disease; & dead trees

less disease; no dead trees

Inoculum source

Band canker gradient with distance from the walnut orchard

Almond orchard



Band canker gradient with distance from the inoculum source 
(riparian trees along the water canal)

3rd leaf Nonpareil/Padre; inoculum source: riparian trees and 
water canal

more disease

no disease

Inoculum source

Almond orchard



2nd - leaf orchard severely damaged by 
band canker  (Butte County)

3rd-leaf almond orchard with gaps 
due to Band Canker (Stanislaus Co.) 

Hypotheses:
1. Perhaps these trees were infected uniformly 

as soon as they were planted.

2. Or, the trees were delivered to the orchard 
bearing latent infections (not showing any 
disease symptoms).

We needed then to develop a method to detect latent 
infections early in tissues with no symptoms



Sample weight (g) Dilution Ct calculation of fg total fg /weight MS(a)
PAN4-1 0.32 60 36.47 2.194821 156.6105 4698.316 14682.24 4.17
PAN4-2 0.34 60 36.62 2.150466 141.4054 4242.162 12476.95 4.10
PAN4-3 0.33 60 N/A #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
PAN4-4 0.36 60 36.03 2.324929 211.3144 6339.431 17609.53 4.25
PAN4-5 0.29 60 36.62 2.150466 141.4054 4242.162 14628.15 4.17
PAN4-6 0.4 60 36.54 2.174122 149.3214 4479.641 11199.1 4.05
PAN4-7 0.32 60 35.65 2.437295 273.7127 8211.382 25660.57 4.41
PAN4-8 0.3 60 38.18 1.689174 48.88482 1466.545 4888.482 3.69
PAN4-9 0.34 60 38.29 1.656647 45.35728 1360.718 4002.113 3.60
PAN4-10 0.36 60 39.03 1.437829 27.40495 822.1485 2283.746 3.36
PAN4-11 0.27 60 37.79 1.804497 63.75247 1912.574 7083.608 3.85
PAN4-12 0.31 60 36.88 2.073584 118.4633 3553.9 11464.19 4.06
PAN4-13 0.35 60 37.21 1.976003 94.62437 2838.731 8110.66 3.91
PAN4-14 0.38 60 37.68 1.837024 68.71064 2061.319 5424.524 3.73
PAN4-15 0.42 60 36.78 2.103154 126.8101 3804.304 9057.868 3.96
PAN4-16 0.39 60 36.38 2.221434 166.5076 4995.227 12808.28 4.11
PAN4-17 0.28 60 36.17 2.283531 192.1016 5763.048 20582.32 4.31
PAN4-18 0.37 60 38.28 1.659604 45.66716 1370.015 3702.743 3.57

1. Sample collection and processing 2. Grinding and DNA extraction

3. Quantitative PCR assay 4. Data analysis

qPCR, a molecular technique to quantify the DNA of canker pathogens

Results

Pencil sharpener



Incidence of latent infection of canker pathogens in new and 1-year-old shoots from 3 
almond orchards



We started to focus on nurseries to investigate possible infections on young trees 

Incidence of latent infection by 4 canker pathogen groups from shoots of different almond 
varieties from a nursery.
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Effects of Topsin-M applied in March 2019 in a 2nd - leaf orchard 
(before any symptoms of band canker were noticed)

Treatment: March 2019, Disease recording: Nov. 2019

8 months after treatment

(Each replication includes 50 trees) Topsin M WP 70 at 1.51 lb/acre; Rally at 8.0 oz/acre 



The almond orchard treated in 2019 with fungicides in 3rd leaf now
16 months after treatment : May 2020



33 months after treatment: October 2021

The almond orchard treated in 2019 with fungicides in 4th - leaf now
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Treatments:

a) Sprayed only in October 2020

b) Sprayed only in March 2021

c) Sprayed both in October 2020 & March 2021

d) Sprayed in March 2021 & in April 2021

e) Untreated control

Effect of Topsin M spray(s) in reducing the incidence of band canker 
in a 3rd-leaf almond orchard in Yuba Co.                                                      

(after symptoms of band canker were noticed) 



CONCLUSIONS:

PREVENTATIVE APPROACH (YOUNG ORCHARDS):
• Obtain “clean” trees from nurseries
• Spray the trunks in 1st,2nd, or 3rd leaf orchards with 

Topsin®-M at label rate.
• Keep the trunk of trees dry.
• Protect pruning wounds by spraying Topsin®-M at 

label rate.

WHEN BAND CANKER IS PRESENT (YOUNG ORCHARDS): 
• Keep the trunk of trees dry.
• Spray trunk and scaffolds with Topsin®–M. 
• Protect pruning wounds by spraying Topsin®-M at 

label rate.
• Remove killed trees and stumps (sanitation).
• Keep wood piles (spore inoculum) away from the 

orchard.
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Thank You
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