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ABSTRACT

Antimicrobial resistance is not only a severe threat to
clinical practices, but has been observed to be a
threat in crop agriculture as well. Resistance to
commonly used antimicrobials in blights have been
widely observed and has sometimes caused the
stopage of use of such antimicrobials. In this paper,
four commonly used antimicrobials against bacterial
blights, Streptomycin, Oxytetracycline, Oxolinic
Acid, and Kasugamycin, are analyzed. Streptomycin
resistance has been observed widely and has lost
efficacy in agriculture, yet has been shown to not
translate to clinical situations. Results of using
oxytetracycline in crop agriculture is relatively
under-observed, and requires more studies. Oxolinic
Acid has been observed but proven to reduce when
not used. Kasugamycin resistance, while ohsekved,
has not been shown to negatively affect agriculture.
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1.INTRODUCTION

Antimicrobial resistance has emerged as a threat to
the health of mankind, with multi-drug resistant
bacteria being identified globally and not only in
hospital settings. Antimicrobial resistance is already
the cause of 700,000 deaths per year [1], and this
count is expected to grow rapidly in the next
decades.

Yet the threat of antimicrobial resistance to global
health is not only pertained to medical threats.
Bacterial infections in agricultural plants have
caused losses for centuries, and in recent years,
specific agricultural goods such as oranges have
been under severe pressure due to the rise of blights
capable of wiping out orchards, such as late blight,
which harms vegetables like potatoes, and fire blight,
which Kills trees like apple and pear.

The use of antimicrobials in the 1950s have shown to
be effective, yet the pathogens developed resistance
over the decades and numerous nations are
beginning to use less and less due to worries that
resistance will cause the antimicrobials to become
more ineffective. Yet the world antimicrobials are
still widely used in developing countries, and often
in developed, nations. In 2019, the US
EPA(environmental protection agency) authorized a
huge incre@ase in the/use of two most commonly used
antimicrebialsagainst bacterial pathogens in plants:
streptomycin»and oxytetracycline, to fight Citrus
Greening 'that has crippled a large part of and
threatened to completely wipe of Florida’s 8.6 billion
dollar orange industry.

As more serious blights begin to threaten numerous
agricultural industries, this paper seeks to analyze
each of the four commonly used antimicrobials,
streptomycin, tetracycline, oxolinic acid, and
kasugamycin, and provide a conclusive insight to the
issue of antimicrobial resistance in blights.

2.STREPTOMYCIN

Streptomycin is amongst the most commonly used
antibiotics against bacterial blight in apple and pear
orchards. In the United States, it is used as the first
defence antimicrobial against fire blight [2]. As an
aminoglycoside (group of antibiotics that Kills
bacteria by binding and disabling key ribosomes and
limiting protein synthesis) works by binding to and
inhibiting a ribosomal subunit 30S which is
responsible for mMRNA to tRNA translation, without
which crucial proteins cannot be made.

Streptomycin is also a very commonly used first line
antimicrobial in diseases in the human body, used to
treat numerous infectious pathogens including
tuberculosis. However, streptomycin and other
aminoglycoside antimicrobials have recently been
getting more ineffective due to rising resistance to it.
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Streptomycin use in plant agriculture is a matter of
debate. Streptomycin resistance has been observed
from several bacterial blight species, like Erwinia
Amylovora, as early as 1971 in California, and since
then observed across the world [3]. Streptomycin
resistance is observed in farms in the United States
and around the world. Leading countries in Europe
to severely restrict Streptomycin use in plant
agriculture, and the United States farmers use
streptomycin based on fire blight forecasting systems
to reduce the number of applications of
streptomycin, to preemptively prevent the translation
of streptomycin in the environment into clinically
relevant pathogens. Yet streptomycin resistance has
already spread, with Streptomycin resistance found
in 30 percent of apple orchards in Chihuahua,
Mexico, Michigan, etc [4].

Having said that, there have been studies
demonstrating that streptomycin formulations do not
horizontally transfer antimicrobial resistance genes,
and thus does not translate its resistance to clinically
relevant bacteria. A study by Rezzoinco et. al,
extracted and analyzed Streptomycin related genes
from agricultural formulations, and resistance was
not observed. They concluded that streptomycin
formulations “applied to plants are highly unlikely to
serve as a direct conduit for introduction of genes
encoding streptomycin resistance from the producer
organism into the orchard microbial communities or
exposed agricultural workers.” [5]. Thus the
resistance can develop but would not affect clinical
uses due to horizontal transfer of genes from the
formulations.

The development of streptomycin resistance would
have thus spread other ways. Although agricultural
formulations might not horizontally transfer the
resistance genes, there are numerous other ways
resistance can spread, such as the use of animal
manure for agriculture and natural resistance
reservoirs. More research needs to be done to argue
the safety of using streptomycin in orchards against
blights for clinically relevant resistances.

3.OXYTETRACYCLINE

Similarly to streptomycin, oxytetracyclines are used
as a preventative measure against blights in orchards.
In the United States specifically, oxytetracycline is
often used as a second line of defense in the case
streptomycin resistance is observed for apples, and
sometimes as a direct measure against pear and

nectarine  blight [6].  Oxytetracyclines are
tetracyclines, named for their molecular shape of
having four rigid rings. Tetracyclines are also similar
to aminoglycosides in that they interrupt the
translation process of bacteria by inhibiting the 30S
ribosomal subunit’s function. Like streptomyecin,
oxytetracyclines are sprayed when risk for disease is
high [7].

Tetracycline is also commonly used clinically for
treatment against numerous infections from skin to
intestines and respiratory tracts, and similarly to
streptomycin, tetracyclines are also becoming more
ineffective in clinical areas due to the rise of
multidrug resistant bacteria [7].

The effect of tetracycline use in agriculture is
unclear. Tetracycline resistance is naturally occuring,
and the presence of tetracycline-resistant bacteria
(Tc”r) have been observed worldwide, in USDA
approved orgahic farms, and even natural prairies.
Accordinggto a study analyzing apple orchards in
Michigan in\which tetracycline was not used, the
study obserwed that “Tetracycline-resistant (Tcr)
bacteria were mostly gram negative and represented
from O to 47% of the total bacterial population on
blossoms and leaves.” [8]. Another study observed
high levels of tetracycline diversity in Swiss pastures
in which manure from intensive farming(that uses
tetracycline) was not used [9].

Yet differences in the method of resistance has been
observed depending on regions. Some resistance
genes employ efflux pumps to pump out tetracycline
from the bacteria, while others implement enzymes
to disintegrate the antimicrobial. Tc”r from pristine
environments were shown to have more efflux pump
mechanisms, while farms had more enzymatic
mechanisms [10]. This does not immediately suggest
danger in tetracycline use, yet more research needs
to be done to analyze the significance.

4, OXOLINIC ACID

As other antibiotics mentioned above, oxolinic acid
is used for apples and pears in Israel that show fire
blight but are resistant to streptomycin. Also in
Japan, it is used to manage the bacterial panicle of
rice [11]. Oxolinic acid is a quinolone antibiotic that
works by inhibiting the enzyme DNA gyrase and
topoisomerase 1V, resulting in inhibition of bacterial
growth [12]. In humans, quinolone antibiotics are
mainly used to treat urinary tract infections, and it
has been reported that the effect on the respiratory
system is minimal.
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Since quinolones are broad-spectrum antibiotics,
people are highly interested in the resistance issue.
The use of minimal amounts only for a specified
period of time helps to reduce the resistance.
Resistance to quinolones can be made by the
mutation of the bacterial chromosome that induces
change of the antibiotic binding site on DNA gyrase.
Several cases of oxolinic acid resistance have been
reported in plant agriculture. In 2001, B. glumae
which is resistant to oxolinic acid was discovered in
Japan, and it also had cross-resistance to other
quinolones such as ciprofloxacin [13]. In addition, E.
amylovora which shows resistance to oxolinic acid
was found in Israel [14].

However, because of the fact that OA-resistant
strains were reduced in fitness compared to OA-
sensitive strains in fire blight, OA-resistant strains
become undetectable in orchards where they
previously occurred [15], and thus are regional and
seasonal.

Having said that the effect on humans or agriculture
environments caused by oxolinic acid resistance has
not been well documented, and safety of oxolinic
acid cannot be guaranteed. This antibiotic is used not
only in plants but also in fish farms, and only the
effects of the antibiotics used in the marine
ecosystem have been reported. The residues of
oxolinic acid and oxytetracycline were stUdieth,in
fish and sediments from five fish farmgs “after
chemotherapy of the farmed fish. Compared ‘to
oxytetracycline, oxolinic acid was better absorbed
and faster excreted from the treated fish. Also,
oxolinic acid showed a faster loss of antibacterial
activity than oxytetracycline in the fish farm
sediments. No fish pathogenic bacteria resistant to
oxolinic acid were found in this study [16]. Although
oxolinic acid is relatively less used than
antimicrobials like streptomycin, it is used often in
Asia, especially in Japanese rice fields, so studies on
side effects should be continued.

5.KASUGAMYCIN

Kasugamycin is used in Japan and other Asian
countries to control the bacterial seedling diseases of
rice, and fungal rice blasts [17] and has recently been
registered for use in the United States and Canada
for managing fire blight [18], walnut blight, and
bacterial canker.

Kasugamycin  is an  aminoglycoside like
streptomycin, and inhibits protein synthesis by

disruption translation of RNA. Yet unlike the
previous antimicrobials, Kasugamycin is not used in
humans or animals [19]. In the United States,
Kasugamycin’s purpose is to reduce overuse of other
more common antimicrobials like streptomycin and
oxytetracycline, as Kasugamycin has a different
mode of action.

Nevertheless, multiple methods of Kasugamycin
resistance have been observed since its
implementation to agriculture. One method observed
in rice infecting bacteria was the presence of aac, a
gene that codes for an acetyltransferase that
catalyzes acetylation of the amino or hydroxyl group
of the aminoglycoside which inactivates it. Similarly
in another study, methyltransferases were shown to
induce kasugamycin resistance [20].

To date, there are no reports of side effects on
agriculture and humans by bacteria with
kasugamycin resistance. However, in the same way
as oxolinic acid, studies on side effects should be
continued.

6.CONCLUSION

A major fear of the development of antimicrobial
resistance is the spread of microbes that are resistant
to clinically relevant antimicrobials like
streptomycin into the microbiomes around the world,
causing illnesses that can no longer be treated with
streptomycin.  This threat, according to the
documentations until now, is low for streptomycin
and oxytetracycline, but both need more research in
order to guarantee their irrelevance to clinical
practices.

Apart from potential clinical issues, a threat of
antimicrobial resistance in pathogens infecting plants
is the acquirement of resistance to the crucial
antimicrobials, causing them to be ineffective.
Streptomycin has indeed seen a large amount of
resistance, causing it to be useless against blight it
was previously useful for. Oxytetracycline resistance
has not been observed in the same amount as
streptomycin. Bacteria that have resistance to
oxolinic acid, on the other hand, have shown to have
reduced fitness, and thus returns to an OA-sensitive
state when oxolinic acid application stops.
Kasugamycin resistance has been observed, but has
not been investigated enough to conclude either
safety or threat.

Investigations of plant pathogenic bacteria and their
acquired resistance shows one common trait. The
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impact development of resistance has in the
ecosystem and in clinical settings is only slightly

understood.

In order to better understand the

consequences of implementing antimicrobials in
crop agriculture, there needs to be a large scale,
perhaps a multi-year measure of effectiveness of

each antimicrobial when used

consecutively,

sparsely, etc, while investigating the development of
resistance genes. Also, resistant antimicrobial’s
impact in the ecosystem also needs to be understood.
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