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Bacterial blast

Springtime diseases of almond

Anthracnose 

Brown rot blossom blight 
Shot hole

Green fruit 
rot/Jacket rot

Bacterial spot

ÅThe occurrence of these diseases is highly 

dependent on environmental conditions ï 

rainfall and temperature.

ÅUnder less favorable conditions, chemical 

disease management can be minimized.

Red leaf blotch ï

A new disease in California 
(Images from UC-ANR)



Late spring and summer diseases of almond

Scab

Alternaria 

leaf spot
Hull rotRust

The occurrence of these diseases is highly dependent on 

microclimatic orchard conditions and cultural practices ï 

rainfall in the summer is very rare in California. 



The foundation of 
Plant Pathology: 
The Disease Triangle
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The impact of the  

components of the disease 

triangle can be modified:

ÅWe can modify the 

orchard environment 

and select a less 

susceptible host to 

reduce disease pressure. 

ÅWe can monitor for the 

presence of the 

pathogen and look at 

disease history

ÅWe can forecast regional 

environments and adjust 

management practices



Orchard é..
Location:

Å Low or high elevation

Å Near riparian areas 

Design:

Å Number of trees per acre (density)

Å Planting design (square, diamond)

Å Irrigation system (drip, microsprinkler)

Å Cultivar selection

Age: New vs. established plantings

Disease risk:

Å Historical records of diseases (by year)

Å Presence of fungicide resistance

Å Monitor for disease

Å Use of disease forecasts

Orchard characteristics relating to 

the three components of the disease 

triangle

Host,

Environ-

ment

Pathogen

The 

Disease 

Triangle



Timing of treatments for disease management*

Å Conventional calendar-based - Time of year

Å Host phenology-based -

 Host developmental stage only - Brown rot model-I

Å Inoculum-based -

 Presence of primary inoculum ï Rust model (threshold levels)

Å Environmental-based -

 Weather only ï Alternaria leaf spot DSV model (inoculum always present)

Å Mixed programs - 

ü Inoculum/environmental-based ï Shot hole, Scab model

ü Host phenology/environmental-based - Brown rot model-II, XanthoCast, 

and Bacterial Spot models

* - Timing is also based on orchard disease history and acreage to be treated.



Almond Board of California 

<industry@almondboard.com>

for multiple diseases on the link below.

Semios Precision Agriculture

<https://semios.com/>

Almond Board of California and Semios Precision Agriculture
 - Disease Forecasts in cooperation with the University of California -



Fungicide programs

Goals: 

Å Minimize number of applications

Å Use the most effective and least costly treatment ï 

o Conventional treatments ï cost can be minimized by using generics

o Biological treatments ï cost generally more and are less persistent

Å Use effective, broad-spectrum MOAs that target several diseases

Å Timing: 

o Apply when infection risk is highest 

o Apply when several diseases can be targeted at 

once.

o At bloom, a single application with a translaminar 

fungicide can replace two applications with a contact 

fungicide under moderately favorable conditions. 

Orchard management is essential to disease management



Considerations for minimizing disease management input 

Orchard design 

Tree density, 

irrigation, 

cultivar selection

Orchard history 

for disease, 

disease 

monitoring

Use the most 

effective and least 

costly treatment 

Consider 

presence of 

fungicide 

resistance

Use FRAC Codes that are 

effective against several 

diseases ï the best 

material with the broadest 

spectrum

Apply when 

infection risk is 

highest

Apply when 

several diseases 

can be targeted 

at once

Use generics 

to reduce cost

Cultural 

practices 

(modified 

deficit) 

irrigation 

Fungicide 

timing and 

choice of MOA 

Other 

strategies

Use of 

disease 

forecasting 

systems



Treatments for 

managing fungal 

diseases of almond 

Actinovate, Botector, 

Serenade ASO, Serifel, 

BVT-CR-7

BM-02 ï Biological controls

Regalia,

ProBlad, EcoSwing, Dart, 

 Guarda, others

BM-01 ï Natural products

Biological treatments

Numerous new ones under evaluation

Miravis Prime

7+12

Pending
Regev

New: 
Axios (2023), Cevya (2021-22),
Miravis Duo (2022), 
Tesaris (2023),
Miravis Prime (2024), 
Regev, Mibelya/Elysis (pending)

Inspire 

Super
3+9

Quadris Top, 

Quilt Xcel, 

Helmstar

Fervent, 

Luna Experience, 

Miravis Duo, 

Elysis (pending)
3+7

Pre-mixtures: Highest efficacy, consistency, resistance management,

 and less environmental contamination with any one MOA.

7+11
Viathon

3+P07 3+11

Regev

3+BM01

Miravis Prime
7+12

Pristine, 

Luna Sensation, 

Merivon

(pending)

16 single and 7 dual FRAC Codes

19 Ph-D, Oso

Polyoxins



Update planned 

in 2025



Timing of treatment applications for major fungal diseases

Timing

0

1

2

3 Most effective

Moderately effective

Least effective

Ineffective

ñCritical timings based on environment and where 

several diseases can be targeted with one applicationò

Disease
Dor- 

mant

Pink 

bud

Full 

bloom

Petal 

fall
2 wks 5 wks May

June/ 

July

Anthracnose 0 2 3 3 3 3 3 2

Shot hole 1 1 2 3 3 2 0 0

Brown rot 0 2 3 1 0 0 0 0

Green fruit rot 0 0 3 2 0 0 0 0

Scab 2 0 0 2 3 3 1 0

Alternaria 0 0 0 0 0 2 3 3

Rust 0 0 0 0 0 3 3 1

Hull rot 0 0 0 0 0 0 0 3

Bloom Spring Summer

Disease pressure 4 4 3 5 3 3

Less favorable

More favorable

Total:

4

6

Delayed bloom 
vs. two bloom 
applications



Management of selected springtime diseases of almond



Disease cycle of 

Monilinia laxa and 

M. fructicola on almond 

and control measures

Orchard sanitation

Orchard
sanitation

Spring

Summer

Winter

Pre-hull split 

sprays 

Bloom 

sprays 

Fall

Conidia

Conidia

Conidia



Brown rot blossom blight

ÅInfection period is well defined ï 

bloom period of 7 to 14 days for each 

variety in an orchard 

ÅRisk of infection is determined by 

environmental conditions

ÅTemperatures above 14ÁC

ÅWetness periods of 6-7 h at 20ÁC 

result in infection

ÅVarietal differences in susceptibility 

ÅHighly effective fungicides available

ÅTiming of applications is based on 

host phenology and environmental 

conditions

Monilinia laxa and M. fructicola



Fungicide efficacy against brown rot and gray mold blossom blight

cv. Drake, Solano Co., 

Applications at FB, PF2022
cv. Drake, Solano Co. 

Applications at FB, PF, 2 wk after PF
2023

Miravis Duo and Miravis Prime are highly effective against brown rot blossom blight, but 

Miravis Prime is more effective against gray mold (jacket rot).

Brown rot fungicides

ÅSingle: 

ÅFRAC 2, 3, 7, 9

ÅPre-mixtures: 

ÅFRAC 3/7, 3/9, 

3/11, 3/12, 7/11, 

7/12 

ÅBiologicals: 

ÅBotector, CR-7, 

EcoSwing, Dart

147 g

221 ml

404 ml

518 ml

1000 ml

672 ml

1000 ml

590 ml

560 ml

672 ml

590 ml

221 ml

1.47 L

404 ml

887 ml

1    L    

224 ml 

405 ml 

590 ml

562 ml

672 ml



Fungicide efficacy against gray mold blossom blight

cv. Sonora, Fresno Co.

Applications at 100 gal/A (946 L/HA) on 2-16-23. 
2023

Gray mold fungicides

ÅSingle: 

ÅFRAC 7, 9. 

ÅPre-mixtures and mixtures: 

ÅFRAC 3/7, 3/9, 3/11, 7/11, 7/12, 

3/P07, 3/19, 3/BM01. 

365 ml

1.47 L

672 ml

887 ml

404 ml

589 ml

2.95 L

589 ml 1.17     L

1 L    

404 ml

442 ml

562 ml



Management of selected late spring / summer diseases 
of almond

Alternaria leaf spot

Hull rot



Alternaria Leaf Spot of Almond

Early 
symptoms

Late symptoms

Tree defoliation
Leaf dropConidia of Alternaria species

Alternaria alternata and A. arborescens



Alternaria Leaf Spot of Almond  
 - Biology and Epidemiology of the Pathogen -

ÅA disease of high production orchards: High density, minimal pruning, high nitrogen, frequent 

irrigation

ÅFavorable site conditions: E-W row orientation, poor air circulation, poor soil drainage 

ÅThe pathogen is a ubiquitous fungus in nature and affects many crops

ÅConducive conditions: 

V Leaf phase ï warm temperatures/cool nights, high humidity, and frequent dews

V Fruit phase ï injuries, rain, fruit ripening, (possibly insects and mites) but generally not a problem

V Disease develops on the shoulders of the tree where dew settles and develops up- and downward

Data 
logger

Leaf 
wetness 

sensor

Positioning 
temperature 

and leaf wetness 
sensors on the 
tree shoulder



ÅInoculum is omnipresent in orchards.

ÅAlternaria leaf spot is greatly influenced by microclimatic 

conditions within orchards.

ÅThe DSV (Disease Severity Value) Model was originally 

developed for forecasting black mold of tomato caused 

by A. alternata.

ÅWe evaluated the model for forecasting on almond and 

adapted the temperature parameters.

Identifying Alternaria leaf spot infection periods and optimizing timing of fungicide treatments

DSV as a function of leaf 

wetness duration and average 

air temperature during the 

wetness period. Fungicides are 

applied and persist for 3 weeks 

when only dews are recorded. 

With rainfall, persistence is 7-

14 days. Threshold values are 

selected based on the intensity 

of the control program (higher 

threshold for a less intense 
program).   

Environmental-based program 



Fungicide efficacy for 

management 

of Alternaria leaf spot 

2021 cv. Carmel, Colusa Co. 

FRAC

---

3

7

7 + 3

3 / BM 01

3 / 11

3 / 7

7 / 12

3 / 7

Applications: 6-5, 7-1-2021, all in combination with Dynamic

2023 cv. Carmel, Glenn Co.

Applications 5-6, 5-20, 6-10-23

Elysis

Newly registered in California

518 ml

518 ml

518 ml

518 ml

1.47  L

367 ml

1.47 L + 593 ml 

1000 ml

518 ml

443 ml

895 ml

404 ml

1.47  L

590 ml 

367 ml

1000 ml

672 ml

407 ml 



Integrated management of Alternaria leaf spot of almond
ÅOrchard design and cultivation
ü Improve air movement ï wider rows and pruning/hedging (every 3rd row every 3 yrs) 

ü Row orientation with prevailing winds

ü Clean cultivation to reduce humidity

ÅFertilization
ü Nitrogen use on replacement schedule only to reduce excess growth

ü Last spring/summer application early May and after harvest

ÅIrrigation
ü Shorter irrigation periods with moderate to high volume (24-36 hr)

ü Improve water penetration (gypsum), pre-plant ripping of soil

ÅFungicide use
ü Timing with infection periods using DSV model set for thresholds 

ü Rotations of FRAC Codes 3, 7, 11, 19 or 3/7, 3/11, 7/11, 7/12 

ü Among FRAC Code 7 fungicides: isofetamid, fluopyram, and pydiflumetofen have 

currently the lowest levels of resistance in Alternaria spp. populations.



Almond Hull Rot

ÅPathogen can infect fruit from air -borne inoculum and also cause dieback 

ÅMonilinia fructicola, Aspergillus niger, and Botrytis cinerea can occasionally cause hull rot

M. fructicola 

Major pathogen: Rhizopus stolonifer

R. stolonifer

In surveys of twelve orchards in the last two years in Butte, Colusa, Sutter, San Joaquin, 

and Stanislaus Co., R. stolonifer was found to be the predominant cause of hull rot in 

eleven; whereas A. niger was found in one orchard in Stanislaus Co. at a low incidence. 

Aspergillus niger



Management of Hull rot: Cultural Practices
ωPlanting: Varietal Susceptibility
ω Most Susceptible: Nonpareil, Monterey, Wood Colony Less Susceptible: Butte, Fritz, Padre 

Practice Goal

Planting design Allow air circulation

Tree pruning Increase air movement and reduce RH

Irrigation management - Deficit 

irrigation (Regulated)

Reduce orchard RH, induce hull split

Clean cultivation Reduce orchard RH

Nitrogen fertilization ï cut-off 

dates, amounts/season

Reduce production of highly susceptible 

host tissues

Dust control in the orchard after 

hull split

Minimize pathogen dissemination via dust 

particles

Deficit irrigation 

may water-

stress trees and 

have long-term 

effects on tree 

productivity.



Fungicide efficacy 

against hull rot

2023. Cv. Monterey, Yolo Co. Applic. 9-1, 9-18.

Hull rot (mostly caused by R. stolonifer)

Best treatments:

ÅSingle: 

ÅFC 3,11, 

ÅFoliar fertilizers

ÅPre-/mixtures: 

ÅFC 3/7, 3/9, 3/11, 3+19, 7/11

ÅBiologicals: 

ÅNatural products (e.g., 

EcoSwing)

895   ml     

590 ml     

560   ml     

443 ml      

1000 ml      

590 ml      

672    ml      

1100     ml      

1345     ml      

1685     ml      

5    kg     



Dis. management

by FRAC Code

Disease Dormant Pink bud Full bloom Petal fall 2 weeks 5 weeks May June/July

Anthracnose ----
3, 3/7, 3/9, 

3/11, 3/33, 7

3, 3/7, 3/9, 3/11, 

3/33, 7, 7/11, 11

3, 3/9, 3/7, 3/11, 

3/33, 11, M3, M4, 

M5

3, 3/9, 3/11, 3/7, 

3/33, 7, 7/11, 11, 

M3, M4, M5

3, 3/7, 3/9, 3/11, 

3/33, 7, 7/11, 11, 

M3, M4, M5

3, 3/7, 3/9, 

3/11, 3/33, 7, 

7/11, 11, M4

3, 3/7, 3/9, 

3/11, 3/33, 7, 

7/11, 11, M4

Shot hole M1
2, 3, 3/7, 3/9, 

3/11, 7, 9, 11

2, 3, 3/7, 3/9, 

3/11,7, 7/11, 7/12

, 9, 11, 19

2, 3, 3/7, 3/9, 

3/11,7, 7/11, 7/12,

9, 11, 19, M5

7, 7/11, 7/12, 11, 

7/12, 19, M3, M4, 

7, 7/11,11, 19, 

M3, M4, M5
---- ----

Brown rot ----

1
2
, 2 +oil, 3, 

3/7, 3/9, 3/11, 

3/33, 9

1
2
, 2 +oil, 3, 3/7, 

3/9, 3/11, 3/33, 7, 

7/11, 7/12,9, 11, 19

1
2
, 2 +oil, 3/11, 

3/33, 7, 7/11, 7/12,

9, 19

---- ---- ---- ----

Jacket rot, 

green fruit rot
---- ----

1
2
, 2 +oil, 3/7, 

3/9, 3/11, 7, 7/11, 

7/12, 9, 19

1
2
, 2 +oil, 3/7, 

3/9, 3/11, 7, 

7/11, 7/12, 9, 19

---- ---- ---- ----

Scab

M1+oil, 

M2, 

M5+oil

---- ----

1
2
, 3/7 , 3/9, 3/11, 

3/33, 7, 7/11, 11, 

M3, M4, M5

1
2
, 3/7 , 3/9, 3/11, 

3/33, 7, 7/11, 11, 

M3, M4, M5

3, 3/7, 3/9, 3/11, 

3/33, 7, 7/11
2
, 11, 

M2, M3, M4

M2
3
, M4 ----

Alternaria ---- ---- ---- ---- ---- 2

3, 3/7, 3/9, 

3/11, 3/33, 7, 11,

7/11, 7/12, 19

3, 3/7, 3/9, 

3/11, 3/33, 7, 

7/11, 7/12,11, 19

Rust ---- ---- ---- ---- ----

3, 3/7, 3/11,3/33
1
, 

7, 7/11, 11, 19, 

M3

3, 3/7, 3/11, 

3/33, 7, 7/11, 

7/12, 11, 19

3, 3/7, 3/11, 

3/33, 7, 7/11, 

7/12, 11, 19

Hull rot ---- ---- ---- ---- ---- ----

3, 3/7, 3/9, 

3/11, 7/11, 7/12, 

11, 19

3, 3/7, 3/9, 

3/11, 7, 7/11, 

7/12, 11, 19

Bloom Spring Summer
Multiple FRAC

Codes are 

available for 

each of the 

diseases

Identify FRAC 

Codes that are 

effective against 

multiple diseases 

at each timing 

Code FRAC

3 DMI

7 SDHI

9 AP

11 QoI

12 PP

M3 EBDC

M5 IPN
3 9 M5 M3

3+11, 7+11, 7/12
3+7

3+11, 7+11, 7/12



Disease Timing Product
FRAC 

code
Rate/A

Approximate 

cost/A (+10%) 

Low

Disease

High

Disease

Brown rot Pink bud Tilt, Tebustar 3 8 oz $5 X

Brown rot Full bloom Vangard, Scala 9 5 oz $19 X X

BR/GM/ShotH Petal fall Bravo, Equus M5 4 pts $16 X

GrayM/ShotH 2 wk after PF Manzate M3 5 lb $19 X

Scab/Rust 5 wk after PF
Tilt/Tebustar+ 

Abound/Acadia
3+11 8 oz + 12.5 fl oz $5 + $11=$16 X

Alternaria Spring (May)
Fontelis+ 

Abound/Acadia
7+11 8 oz + 12.5 fl oz

$30 + 

$11=$41
X X

Alternaria
Summer 

(June)

Tilt/Tebustar+ 

Fontelis/Tesaris
3+7 8 oz + 20 fl oz $35 (X)

Hull rot Hull split Cinetis/MarVerde Fert. 16-32/32-64 fl oz $14 X X

Total $93 $130

Estimation of treatment costs using less costly conventional fungicides

Resistance management with rotations of FRAC Codes.

* Cost estimates for materials only.



Summary
ÅAn increasing arsenal of fungicides is being introduced with different modes of action (FRAC 

codes), spectrum of activity, and efficacy. Best timings are based on monitoring and 

environmental conditions.

ÅGeneric compounds can lower the cost with 4-6 timings for the season.

ÅLow-cost disease management using organic treatments is difficult.

ÅSelecting the best materials with the broadest spectrum and timing the application at a critical 

stage can lower costs. 

Å Multiple diseases with one application

Å Timeline and cost based on disease pressure: 

 A) Conventional: ca. $100-$130/A for products

 B) Organic: ca. $158-$219/A for products 

Pink bud-

Full bloom

Petal fall

(March)

5-wk after PF 

(April)

Spring 

(May)

Late spring

(June-July)

Hull split

BR, GM BR, GM, SH, Scab, 

Anthracnose
Rust, Scab Scab, 

Alternaria
Alternaria Hull rot

3, 9 M5 M3 3+11 7+11 Fert. (low N, high K+P)



Fungicide resistance in almond pathogens in California

Disease Pathogen Resistance

Brown rot Monilinia spp. FRAC 1, (9)

Alternaria leaf spot Alternaria spp. FRAC 7, 11

Scab Venturia 

carpophila

FRAC 1, 7, 

11

Cross-

resistance in 

Alternaria 

spp. isolates 

to six SDHI 

sub-groups

Mutations in subunits B, C, and D of the target SDH gene in 

A. alternata correspond with resistance to selected SDHIs.

Some mutations conferred resistance to multiple SDHI sub-

groups. Thus, resistance management needs to consider 

all SDHIs as a homogenous group that should be mixed 

or rotated with other modes of action.



Phytophthora diseases of almond in CA

Root rot

1. Crown rot, trunk cankers, 

root rot

ÅWidespread especially in new 

plantings 

ÅIntroduction of new highly 

virulent pathogens with 

changing water use regulations.
Crown rot, trunk cankers: P. cactorum, P. niederhauserii, P. 

mediterranea, P. citricola complex, and others 

A) Oospore of P. cactorum. B,C) Sporangia of P. 

cactorum releasing zoospores in Fig. C.              

D) Chlamydospores of P. parasitica.

A B C D



2. Aerial Phytophthora

Gumming dieback and cankers on 

scaffold branches 2023

= Phytophthora Pruning Wound Canker 

ÅPhytophthora syringae

ÅCankers rapidly developing, are renewed annually (non-

persistent), nonlethal to trees, associated with pruning 

wounds or young shoots.

ÅSusceptible cvs.: Nonpareil, Shasta, Aldrich, Monterey, 

Bennett-Hickman. 

3. Perennial Phytophthora 

Canker 

ÅP. cactorum and P. citricola 

ÅCankers associated with water 

holding pockets and cracks at the 

tree crotch.

ÅActive year-round, lethal to trees



Phytophthora species recovered from diseased almond 

trees in California surveys 2021/22 

Species Tree symptoms

Temperature 

optimum (C) Virulence

P. acerina Branch and trunk cankers 25 unknown

P. cactorum Trunk and crown cankers 25 high

P. citricola complex Branch and trunk cankers 25 high

P. crassamura Trunk and crown cankers 25 unknown

P. mediterranea Trunk and crown cankers 30 very high

P. niederhauserii Trunk and crown cankers 30 very high

P. syringae Aerial Phytophthora, tree decline 15 moderate

ÅSpecies composition on almond has changed since surveys were last made

Å P. niederhauserii and P. mediterranea are recently described species.

Å Species differ in their geographic distribution, seasonal occurrence, and virulence. 

Å Crown and trunk cankers of younger trees with subsequent tree decline and death were 

the main symptoms associated with Phytophthora spp. infection. 

Phytophthora species 

in bold are most 

common.

P. mediterranea is 

naturally resistant to 

phosphite



Management 
strategies

ÅCultural practices

o Tolerant rootstocks 

(e.g., Mariana 2624) 

o Well-drained soils

o Trunk guards

o Irrigation:

- Well vs. surface water

- No more than 24 h

ÅPreplant fumigation/ 

post-plant nematicides

ÅOomycota fungicides

Sporangium releasing 

motile zoospores

Production of sporangia 

with zoospores during 

wetness periods

Zoospores are rain- and 

sprinkler-splash disseminated

Phytophthora root, crown, and crotch rot

Phytophthora species survive in the soil

Chlamydospores Oospores
Zoospores

Root surface

Disease cycle of 
Phytophthora 

diseases of almond

Mycelium

Zoospores are attracted to plant surfaces 

where they germinate and infect



Phytophthora Diseases of Almond

ÅPhytophthora root rot, crown rot, 

and branch and trunk cankers are 

destructive soilborne diseases in 

nurseries and orchards worldwide. 

ÅTrees are particularly vulnerable to 

infection in the nursery and in the 

first few years after planting, and 

often collapse suddenly. 

ÅIn recent years, crown and trunk 

rots have been observed in many 

new plantings (<3 years old) ï What 

happened?


