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Research in Parana State, Brazil with moderately susceptible oranges demonstrated that copper sprayed at 21 day
intervals is most effective for reducing incidence of canker on fruit, premature fruit drop and reduction in yield losses. After
suspension of the FL eradication program in 2006, trials on grapefruit confirmed that copper sprays at 21 day intervals were
moderately effective if applied up to the stage when fruit are fully expanded. Based on these results the recommendation to
FL growers for grapefruit is to apply copper to protect fruit from March through October. Copper is already widely employed
for fungal disease control on grapefruit. Trials in 2006 and 2007 demonstrated that risk of copper phytotoxicity to the fruit rind
(copper burn or 'star melanose') increased with the number of applications during a period of drought in July-August.
Reducing the rate or frequency of copper lowered the risk of rind damage but reduced control. In a 2007 grapefruit trial
comparing formulations of copper, newer formulations tended to be more effective for controlling canker incidence and
reducing late season (new) fruit infections than standard copper formulations. An alternative strategy to reduce the frequency
and rates of copper is to use bactericides such as the antibiotic streptomycin that is not phytotoxic. In 2006 and 2007, trials
on Pera and Valencia orange in Parana State demonstrated that the antibiotic streptomycin is efficacious for canker control
on Pera oranges either as a replacement for the standard rate of copper, or when alternated with a medium rate or when
combined with a reduced rate of copper. In Florida on white grapefruit, copper hydroxide (CH) and copper sulphate (CS)
applied at 14- or 21-day intervals controlled canker on fruit, but caused considerable copper burn to the fruit rind. Alternation
of streptomycin (Firewall, 17% streptomycin) with a reduced rate of CS provided similar reduction in diseased fruit with less
copper burn than the full rate of CH or CS. Incidence of copper burn in grapefruit groves in Florida was coincident with
periods of drought and water stress in the trees and fruit. The manufacturers of Firewall (Agrosource, Inc.) with the support of
the IR-4 minor crop pesticide registration program, are conducting residue trials for Firewall on grapefruit in FL, TX and CA.
The goal is to register Firewall as an alternative to copper to minimize phytotoxicity to the fruit rind, reduce the risk bacterial
resistance to copper, and lower the rate of accumulation in the soil environment. Systemic acquired resistance (SAR) is a
mechanism of induced defense that may confer long-lasting protection against a broad spectrum of microorganisms. Plants
acquire an enhanced defensive capacity against subsequent pathogen attack.

The systemic insecticide imidacloprid (Admire Pro, Bayer Crop Science), which breaks down into 6-chloronicotinic acid,
was confirmed to induce SAR in citrus. In 2006 and 2007, canker control activity of imidacloprid in the field was tested
against epidemics of canker in young trees in Florida and Brazil. A single drench of imidacloprid in the spring was effective
for season long control of canker on foliage. In 2007-08, a greenhouse study was completed to validate the longevity of soil
applied imidacloprid observed in field trials. Swingle citrumelo seedlings were treated with imidacloprid, and the SAR
inducers, 2,6 dichloronicotinic acid (INA) and acibenzolar-s-methyl (ASM, Actigard) as soil drenches prior to inoculation of
immature leaves with X. citri spp. citri (Xcc). Seedlings were re-inoculated four times over a 24-week period. SAR induction
was confirmed by expression of the pathogenesis related (PR)-2 gene. Soil drenches of imidacloprid, INA, and ASM induced
a high and persistent up-regulation of PR-2 gene expression and reduced canker lesions for up to 24 weeks compared to 4
weeks for foliar ASM. Soil inducers of SAR reduced canker lesions up to an average of 70% compared to pustular lesions
on non-treated leaves. Populations of Xcc per leaf were reduced 1-3 log units. SAR as a mode of plant defense has
substantial disease control activity and benefit for canker management on young trees that are routinely treated with
neonicotinoid insecticides for control of citrus leafminer and the psyllid vector of Huanglongbing (HLB).
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