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Hull Rot
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S Y M P TO MS  O F  H U L L  R O T

When the hull is infected and disease progress, 

leaves near the infected fruit starts to dry and 

shrivel.



Effec t  o f  Hul l  Rot  Inc idence on Yi e ld



S I G N S  O F  H U L L  R O T

Rhizopus stolonifer

Source of inoculum: soil 

Aspergillus niger

Source of inoculum: soil 

Monilinia  spp.

Sources of inoculum: Infected almond and stone fruit 
twigs, fruits, mummies, etc.

  



S i n c e  2 0 1 7 ,  H u l l  R o t  i n f e c t i o n s  o b s e r v e d  i n  a l m o n d  

o r c h a r d s  w i t h  f l a t  j e t - b l a c k  s p o r e s  i d e n t i f i e d  a s  

A s p e r g i l l u s  n i g e r   

Aspergi llus niger  and Hull Rot



S Y M P TO M S  A N D  S I G N S  
O F  H U L L  R O T

Aspergillus niger
Rhizopus stolonifer



N AT U R A L  I N C ID E N C E  O F  H U L L  R O T  2 0 2 1
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S O U R C E S  O F  IN O C U L U M



F R U I T  S U S C E P T I B I L IT Y TO  H U L L R O T  PAT H O G E N  
R H IZ O P U S  S T O L O N IF E R

(b1) Initial separation-50% or more of a thin separation line visible

(b2) Deep V, is the most susceptible stage (source: Adaskaveg. 2010)

(b3) Deep V, split-a deep "V" in the suture, which is not yet visibly 

separated, but which can be squeezed open by pressing both ends 

of the hull

(c) Split, less than 3/8 inch



F R U I T  S U S C E P T I B I L IT Y AT  D I F F E R E N T  S TA GE S
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VA R I E TA L D I F F E R E N C E S  

Source: Doll and Holtz. 2013. Almond Hull 

Rot ï Cultural and Chemical Management

Variety Strikes / tree Susceptibility

Nonpareil >500 Very high

Butte >200 High

Winters >200 High

Price 100-200 Medium

Sonora 100-200 Medium

Aldrich 10-100 Low

Wood Colony 10-100 Low

Mission 10-100 Low

Ruby 10-100 Low

Livingston 10-100 Low

Padre 10-100 Low

Fritz 0-10 Very Low

Carmel 0-10 Very Low

Montrey 0-10 Very Low
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S T R AT E G I E S  U S E D  I N  I P M  

Avoidance

Exclusion:

Quarantine

Pathogen-Free planting material

Eradication 

Protection:

Biological Control  

Host Resistance

Varietal susceptibility and resistance

Cultural practices

Managing plant nutrition (e.g., nitrogen management for hull rot)

Water management (Important in soil borne diseases, and hull rot)

Chemical control

Fungicides, Fumigation, etc

Environment

Disease



I N T E G R AT E D  H U L L  R O T  
M A N A G E M E N T

ÅCultural

ÅIrrigation management using strategic 
deficit irrigation (SDI)

ÅNitrogen management

ÅDust Management

ÅChemical

ÅUse of fungicides

ÅUse of other chemical such as alkaline 
fertilizers



EFFECT OF FUNGICIDES ON 
HULL ROT

Mohammad Yaghmour  

UCCE Kern County



Timing of Chemical Control of  Hul l  Rot

ÅHull rot caused by R. 

stolonifer can be managed 

by a single application at 

hullsplit (1-5% hullsplit), 

timed with the NOW 

insecticide treatment.

ÅHull rot caused by Monilinia 

spp. is best managed with 

fungicide applications 3 to 4 

weeks before hull split (early 

June).

Bloom Spring1 Summer

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

Alternaria 0 0 0 0 0 2 3 3

Anthracnose2 0 2 3 3 3 3 3 2

Bacterial 

spot
1 0 2 3 3 2 1 0

brown rot 0 2 3 1 0 0 0 0

Green fruit 

rot
0 0 3 2 0 0 0 0

Hull rot7 0 0 0 0 0 0 0 3

Leaf blight 0 0 3 2 1 0 0 0

Rust 0 0 0 0 0 3 3 16

Scab3 2 0 0 2 3 3 1 0

Shot hole4 15 1 2 3 3 2 0 0

7 Make application at 1 to 5% hull split to manage hull rot caused by Rhizopus stolonifer; 

use earlier June timings for hull rot caused by M. fructicola. Apply a second application, 

mid-way through hull split especially if hull split is progressing slowly. 



C H E M I C A L  C O N T R O L O F  
H U L L  R O T  
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Hul l  Rot

Å Identify the causal agent

Å Irrigation management.

Å Avoid excess nitrogen fertilizer. 

Å Dust Management

Å Chemical control

ï Timing is important: Rhizopus stolonifer at hull 
split 1-5%. Monilinia spp. 3-4 weeks before hull 

split.



Thank You!

Mohammad Yaghmour

mayaghmour@ucanr.edu

661-646-6211



I s a y a  K i s ek k a

P ro fe s s or  

Un iv e rs i t y  o f  Ca l i fo rn i a ,  D av i s

D e c e m b e r  1 1 ,  2 0 2 5

Data Driven Precis ion Ir r igat ion 
Management for Almond Orchards



Why precision irrigation of almond orchards is needed

ÅChronic water scarcity due to 

repeated drought cycles

ÅSGMA groundwater pumping 

limits

ÅRising input costs, e.g., 

pumping/energy costs, labor, 

fertilizers, etc

ÅAlmond price fluctuations

Californiaôs droughts have become more frequent, longer, and 

more severe



The uniform irrigation problem

ÅIgnores soil and tree vigor 

variability

ÅOver-irrigation in some zones

ÅUnder-irrigation in others

Å Exacerbates nut yield and quality 

variability

Almond orchard water 

status expressed SWP

Uniform irrigation will 

apply the same amount 

of water over this 

orchard, ignoring 

variability in SWP



What we did

ÅGoal: Created irrigation management zones that account for 

differences in infiltration, soil water storage, and tree vigor

ÅEvaluated two precision irrigation approaches: Almond Irrigation by 

Variety and Zone-based irrigation

ÅSpatial mapping, zone clustering, and zone-based irrigation
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Source: A. Pourreza

Precision irrigation: Almond irrigation by variety



Precision irrigation: Almond irrigation by variety

Compared effects of:

(1) Irrigating according to 
nonpareil hull-split timing 

(2) Irrigating according to 
variety-specific hull-split 
timing



Soil variability within an almond orchard near Corning, CA

ECa: Apparent electrical conductivity maps at CAPEX ranch



Precision irrigation based on management zones



Measuring root water uptake and infiltration in different soils



C230 #1 C230 #2

Layered soil profile

C7 #12 C7 #14

Heavy soil

C6 #9

Light soil

Soil heterogeneity has a significant impact on irrigation management



C230 #1 C230 #2

C7 #12 C7 #14

Heavy soil

C6 #9

Infiltration, soil water storage, and root uptake in heavy soil 

Vanella, Kisekka et al. 2022




