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Bacterial blast of almond caused crop losses in 2019

In the spring of 2019, cold and wet conditions during bloom of 
some almond varieties across the Sacramento and northern San 
Joaquin valleys from Butte Co. to Fresno Co. resulted in outbreaks 
of bacterial blast caused by Pseudomonas syringae pv. syringae. 
The disease was most severe on self-pollinating cultivars, as well 
as selected other cultivars that bloomed during frost conditions. 
Bacterial blast and bacterial canker are phases of a disease that 
affects most Prunus species and is found worldwide wherever these 
crops are grown. 

Symptoms. Canker symptoms include elliptical lesions on trunks 
and scaffold branches, as well as dieback of shoot tips. Gum is often 
exuded profusely on the surface of the canker. Under the bark, 
pale, water-soaked, reddish-brown streaks or flecks extend into the 
phloem above and below the canker. As the tissue dies, a sour smell 
of the sap develops (“sour sap”). 

Blast infections of dormant buds result in bud death by spring. Dead 
buds are often covered with gum. Blossoms may wither suddenly 
and turn dark brown (Fig. 1). With multiple blasted flowers, the 
shoot tip may become necrotic and exude gum. Additionally, 
developing leaves and fruit may develop necrotic flecks 2-4 mm 
(1/8-1/4 in) in diameter (Fig. 1). On leaves, a chlorotic halo may 
form around the lesion, and the necrotic tissue may fall out to 
produce a shot hole appearance.

Epidemiology. P. syringae is an omnipresent, epiphytic bacterial 
species on aerial parts of Prunus and other species of plants. The 
pathogen has also been isolated from plant debris and from the 

surfaces of weeds in the orchard. Under favorable conditions, the 
pathogen multiplies on its hosts and is then disseminated by water 
splash to infection courts. Leaf scars and buds may be infected on 
almond, cherry, peach, and other plants. Pruning wounds and other 
injuries can also lead to infections.

During frost and wet conditions in the spring, blossoms and 
developing leaf buds may become infected and give rise to the blast 
phase of the disease. Blast infections are thought to occur through 
stomata or injuries resulting from frost damage. Bacterial cells 
ingress into plant tissues damaged by ice formation that results in 
broken cells and cell leakage. 

Blast is most severe in the lower portion of the canopy and in the 
lowest parts of the orchard, generally areas where frost conditions 
are most severe. Almond is typically the most susceptible to blast 
because it blooms earlier than other Prunus spp. and therefore, is 
subject to colder, wet weather in the early spring. Detached almond 
shoots exposed to -4°C for two hours have been shown to be more 
susceptible to blast than shoots not exposed to cold temperatures. 
Ice-nucleating bacteria and freezing temperatures are important 
factors in the blast phase of the disease. Thus, protecting trees 
against frost damage by cultural practices can help to reduce 
blast. If temperatures drop too low, however no treatment will be 
effective. 

Plant frost injury involves an interaction between certain epiphytic 
bacteria and low-temperature stress. Some bacteria such as P. 
syringae cause frost-sensitive plants to become more susceptible to 

FIG. 1. Bacterial blast symptoms of almond. Symptoms develop typically in early spring. The disease can be very destructive to shoots and 
dormant buds (left), result in leaf spots and shot hole symptoms (center), or it can cause flower blast and shoot dieback (right). No fungal 
mycelium or sporulation is observed on diseased tissue in contrast to brown rot blossom blight caused by Monilinia species.
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freezing damage by initiating the formation of ice that is responsible 
for the injury. Many of the strains of P. syringae are among the most 
common ice nucleation-active bacteria on plants in the United 
States. Secondary infections by fungal pathogens such as Botrytis 
cinerea or Monilinia spp. may occur on ice-damaged flowers and 
buds. This further complicates the diagnosis of the cause of the 
disease.

Cankers typically develop in the fall and winter during tree 
dormancy after cold, wet conditions. Most cankers are annual 
rather than perennial, and the bacteria in many cankers die off 
during the summer, but some may survive as holdovers.

Blast conditions in the spring of 2019. In recent seasons (2013, 
2017, 2018, and 2019), early-spring cold spells have resulted in 
a high incidence of bacterial blast of almond buds and blossoms 
in several almond production areas in California. In these four 
years, CIMIS stations in Denair (Station No. 206), Durham (12), 
Modesto (71), Manteca (70), and Williams (250), accumulated 
3 to 11 (average 8), 5 to 12 (average 8.3), 1 to 12 (average 7.8), 
3 to 11 (average 7), 4 to 18 (average of 9.3) days per year with 
minimum temperatures below 0°C, respectively, between Feb. 5 
to March 26, a time when almonds are in bloom and in early fruit 
development. In comparison, an average of 1 or 0 days below 0°C 
occurred in 2015 and 2016, respectively, among the five CIMIS 
stations. Moreover, in 2013, 2018, and 2019, many of these freeze 
events occurred over multiple days (2 to 7 days in a row). 

These frost events with concurrent wetness and minimal 
temperatures below 0°C in the last several years have caused 
direct crop losses in the form of blasted flowers, dropped fruit, and 
shoot dieback that affected future fruiting wood on the tree. Crop 
losses have been more than 20% for many growers in the last three 
consecutive years and in five of the last seven years. The disease 
can be quite severe in low areas (e.g., along rivers or drainage areas) 
where cold air settles and dew formation occurs.

Management of bacterial blast and canker. No single practice will 
adequately reduce the canker phase, but a number of integrated 
measures can reduce the severity of the disease. These include 
site selection to avoid sandy and acidic soils, maintaining tree 

vigor with balanced fertilization, and rootstock selection to ensure 
root and scion vigor. Additionally, soil fumigation to reduce 
nematode damage to roots and avoiding pruning prior to cold, wet 
conditions reduces the incidence of the disease. In California, one 
to two applications of copper in the fall or early winter have been 
inconsistent in reducing the canker phase of the disease. Multiple 
applications of copper during the fall and winter have reduced 
canker infections on sweet cherry in Australia. Copper resistance 
often results with over-use of copper. Resistance is common in 
California, and any growth of the pathogen at >50 ppm copper 
indicates copper resistance in laboratory assays to evaluate the 
sensitivity of the bacteria. 

The blast phase of the disease can be somewhat managed in 
orchards with frost protection practices including sprinkler 
irrigation and with the use of wind machines to create turbulent 
air to prevent dew/frost from forming. In the last several years, we 
demonstrated that the use of kasugamycin or other bactericides 
can reduce blast on almonds under cool, wet conditions (Fig. 2). 
Copper applications are generally phytotoxic to blossoms and 
young, succulent almond tissues. They can result in defoliation 
when applied at leaf emergence (bloom time) or later. Additionally, 
copper can increase blast severity on cherry and almond. No 
biological controls are registered on almond against bacterial blast.

An emergency registration (Section 18 of the Federal Insecticide, 
Fungicide, and Rodenticide Act, FIFRA) request for the use of 
kasugamycin for managing bacterial blast was submitted to the 
California Department of Food and Agriculture, Department of 
Pesticide Regulation (CDFA-DPR) by the California Almond 
Alliance in November 2019. The Section 18 request documents 
crop losses due to blast in the last few years with an emphasis on 
the spring of 2019. Kasugamycin is classified as an aminoglycoside 
(a bactericidal antibiotic) with a unique mode of action (Fungicide 
Resistance Action Committee or FRAC Code 24) that is different 
from all other registered pesticides. It is not used in human 
medicine or animal agriculture unlike other antibiotics registered 
for agricultural use. Furthermore, kasugamycin is fully registered 
on several agricultural crops in the state. The request is currently 
pending at the United States Environmental Protection Agency 
(US-EPA). █

• Treatments were applied using an air-blast 
sprayer at a rate of 100 gal/A on 2-20-
19 (pink bud to 30% bloom) prior to a 
forecasted frost event in the following week. 
EXP1 is an experimental bactericide.

• The number of blast strikes (spurs with dead 
flowers) was counted on each tree on 3-7-19. 

• No phytotoxicity was observed in any of the 
treatments.

FIG. 2. Efficacy of bactericidal treatments for 
managing bacterial blast of almond in 2019


