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Reduced rates and frequency of copper as a bactericide to control citrus canker, caused by Xanthomonas citri sbsp.
citri, (Xcc) could minimize risk of phytotoxicity (burn) to the fruit rind, development of bacterial resistance to copper, and
reduce copper accumulation in the soil environment. Field trials in Brazil demonstrated that rates of 0.125x, 0.25x, and 0.5x
copper hydroxide (CH), when applied at a 14-day interval, were as effective as the full rate (1.0x) of CH for controlling canker
on foliage and fruit. Lower rates of CH also reduced canker-induced fruit drop of moderately susceptible sweet orange
cultivars. Streptomycin sulphate (SS, Agrimicina, 15% streptomycin + 1.5% oxytetracycline) was as effective as intermediate
rates of CH, whereas oxytetracycline (OT, Mycoshield) was ineffective. At 21-day interval of application, SS combined with
reduced rates of CH reduced fruit disease incidence and SS combined or alternated with CH significantly reduced fruit drop.
In Florida on white grapefruit, 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 SS (Firewall, 17% streptomycin) with a reduced rate of CS
provided a similar reduction in diseased fruit with less copper burn than the full rate of CH or CS. In 2006 and 2007 Florida
trials, copper burn on grapefruit occurred in July. These incidents of phytotoxicity were preceded by below average rainfall
from January to June leading to drought conditions by mid-summer.

In a 2008 trial in Ft. Pierce, disease incidence on 6-year-old red grapefruit was 10-20% for copper formulations applied at
21-day intervals compared to 35% in the the untreated check. Post TS Fay, disease incidence on fruit increased to 30-40%
on copper-treated trees and to 80% in the non-treated trees. The protective film of copper, regardless of rate and
formulation, was almost completely overcome by the windblown rain from TS Fay. All copper treatments were effective in
reducing canker incidence on fruit compared to the untreated check. None of the copper formulations gave significantly
better control than the others although some trends could be seen. At the 2.0 Ib/acre rate Kocide 3000 gave better control
than Kocide 2000 at the equivalent rate. The 2.0 Ib rate of Kocide 3000 performed better than the 1.0 Ib rate. Treatments of
Kocide 3000 at the 2.0 Ib rate followed by two July applications of Firewall alone, with oil, or with a 1.0 Ib rate of Kocide
produced the lowest incidence of fruit disease. Polymer delivery system (PDS; Smart Anti-microbial Solutions) with Kocide
3000 at the 2.0 Ib rate did not perform better than Kocide alone. The manufacturers of Firewall (Agrosource, Inc.) with
support from 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 risk of copper burn to the fruit rind, reduce
the risk bacterial resistance to copper, and lower the rate of accumulation in the soil environment.

The systemic insecticide imidacloprid (Admire Pro, Bayer Crop Science), which breaks down into 6-chloronicotinic acid,
was confirmed to induce SAR in citrus. From 2006-2008 in Florida and Brazil, canker control activity of imidacloprid in the
field was tested against epidemics of canker on young trees. 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 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 applied SAR inducers have substantial disease control benefit for canker management on young trees.
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