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Three antibiotics are permitted by the U. S. Environmental
Protection Agency for use in plant agriculture

1. Streptomycin since 1958.
2. Oxytetracycline since 1972.
3. Kasugamycin since Sept. 2014.

* No clinical use of kasugamycin for humans or animals.

* No cross-resistance with other aminoglycosides or
tetracyclines.

Antibiotics are registered for specific crops:
Primarily tree fruits (apple, pear, peach, and nectarine).

Antibiotics are not permitted for several crops, such as
corn, rice, fibers, grains, grapes, or berries.



Major use of antibiotics on plants

Bacterial spot of
peach and nectarine
(Xanthomonas
arboricola pv. pruni)

Fire blight of pear and apple
(Erwinia amylovora)

’

~85% of quantity of antibiotics
~29,500 kg annually

O " Pear: Three sprays on 45% of acreage
~15% of quantity of antibiotics Apple: One spray on 18% of acreage

~6,000 kg annually Intervene if fire blight risk high: warm
Three sprays on 15% of acreage temperatures coincide with open flowers in

orchards with recent history of disease.



Direct exposure of workers to antibiotics limited by regulations

Protective gear required, including respirator and
waterproof gloves.

Re-entry into orchards prohibited for 12 hours after
application.

Wash hands before eating, drinking, chewing gum, or

using tobacco or the toilet. e —
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Fate of antibiotics applied to plant surfaces

Antibiotics suppress bacterial growth on flowers
and control disease for less than 5 days.

e Vanneste. 1996. Biocontrol News Inform. 17:67N-78N
e Stockwell et al. 2008. Acta Hort. 793:383-390.

Rainfall reduces antibiotic concentrations rapidly.

Sunlight degrades antibiotics on plant surfaces.
e  Christiano et al. 2010. Plant Dis. 4:1213-1218.

Soil inactivates aminoglycosides and tetracyclines.

Subbiah et al. 2011. Appl. Environ. Microbiol. 77:7255-7260.
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Current Opinion in Microbiclogy

Processes that potentialy influence the availability, stability, and activity
of antibiotics applied to plants.

From: McManus 2014. Curr Opin.
Microbiol.19:76-82.



Impact of antibiotic applications in orchards on bacterial
communities and resistance genes

On streptomycin-treated flowers:
--A minimal temporal community-level response detected.
Shade, McManus, & Handelsman. 2013. mBio 4:e00602-12.

In streptomycin-treated orchards:

-- No effect on bacterial communities in soil.
Shade et al. 2013. Appl. Environ Microbiol. 79:6617-25
Walsh, et al. 2014. Front Microbiol 4:383.

-- No effect on bacterial communities in soil, leaves, flowers, and fruit.

-- No effect on resistance genes in soil, leaves, flowers, and fruit.
Duffy, Holliger, and Walsh. 2014. FEMS Microbiol. Lett. 350:180-189.

Non-treated orchards vs orchards treated for 10 years with streptomycin:

-- No effect on bacterial communities on leaves or their resistance with long-term
streptomycin use.
Yashiro & McManus. 2012. PLoS One 7:e37131

Recommended review:

McManus, P.S. 2014. Does a drop in the bucket make a splash? Assessing the impact of antibiotic use on plants. Curr. Opin.
Microbiol. 19:76-82.




Exposure to consumers: Pre-harvest intervals and
maximum residue levels permitted on fruit

Pre-harvest intervals:

-Streptomycin cannot be applied within 30 days (pear) or 50
days (apple) before harvest.

-Oxytetracycline has a 45 day pre-harvest interval.

-Kasugamycin has a 90 day pre-harvest interval.
Harvest

Spray

-
Maximum permissible antibiotic residues on fruit range from 0.20 mg/kg
to 0.35 mg/kg fruit. No reports of tree fruits exceeding permissible
residues.

On apple trees sprayed three times with streptomycin, 0.018 mg/kg

was the maximum residue quantified.
-Mayerhofer et al. 2009. J. Antimicrob. Chemother. 63:1076-1077.



Ssummary

Antibiotics have been used for more than 60 years in plant agriculture
without detected adverse affects to the environment or human health.

Antibiotics are important tools for the management of bacterial diseases
of tree fruits because they are cost-effective, provide consistent levels of
disease control, and do not mar fruit finish.

Organic tree fruits are antibiotic-free since 2014. Consequently, the ‘real
world’ efficacy of alternatives to antibiotics technology for effective
disease control on a commercial scale will be tested in organic orchards.

Additional research is needed on the impact of oxytetracycline,
kasugamycin, and combinations of antibiotics on microbial communities
and resistance genes in orchard environments.
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