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Antibiotic Resistance of Pectobacterium Korean Strains
Susceptible to the Bacteriophage phiPccP-1
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Plant-pathogenic bacteria belonging to the Pectobacte-
rium genus (formerly Erwinia, Winslow et al., 1920) cause
soft rot disease in diverse plants. They are considered as
broad-host-range pathogens because they have been iso-
lated from so many plant species, and individual strains are
pathogenic to various plant species under experimental
conditions (Ma et al., 2007). Furthermore, they have also
been found in association with a variety of invertebrates
(Glasner et al., 2008). Several different plant cell wall degrad-
ing enzymes are produced by Pectobacterium as major
virulence factors which results in soft rot symptom in host
plants. These bacterial pathogens cause severe economic
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Commercial products with antibiotics like streptomycin as active ingredients have been used to control soft
rot disease caused by Pectobacterium species for a long time. In this study, antibiotic resistance of twenty-
seven Korean strains of Pectobacterium species including P. carotovorum, P. odoriferum, P. brasiliense, and P.
parmenteri, which were previously shown to be susceptible to the bacteriophage phiPccP-1 was surveyed
using a disk diffusion assay. While all strains were highly susceptible to ampicillin, kanamycin, chloramphen-
icol, tetracycline, and rifampicin, some strains showed weak susceptibility to 300 pg/ml of streptomycin.
Furthermore, some of them are partially or completely resistant to commercial pesticides—Buramycin and
streptomycin at the concentration of 250 pg/ml that is recommended by the manufacturer for streptomy-
cin-based pesticides. These results indicate the presence of streptomycin-resistant Pectobacterium strains in
South Korea, and the development of antibiotic alternatives to control soft rot is needed.
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losses on agricultural, horticultural, and ornamental plants
during vegetation, transportation, and storage.

The genus Pectobacterium currently carries 18 species (Jee
et al,, 2020; Lee et al,, 2021). Among them, P. odoriferum, P.
carotovorum, P. brasiliense, and P. versatile are dominant spe-
cies found in potato and napa cabbage fields in South Korea
(Jee et al,, 2020). In addition, global warming might result in
the population changes of dominant species in South Korea.
These pathogens are spread by various ways, including wa-
ter, seeds, equipment, and insect vectors. Therefore, avoid-
ing contamination, using healthy plant material, and rotating
crops have been applied as control strategies against soft rot.
Additionally, physical and chemical treatments have been
widely used (Czajkowski et al., 2011).

Antibiotics have been used to control various bacterial
diseases in plants since the late 1950s. Currently, strep-
tomycin and oxytetracycline are most commonly used
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in the control of plant diseases (McManus et al., 2002).
Additionally, streptomycin was considered a promis-
ing control agent for black leg and soft rot diseases for
a long time (Czajkowski et al., 2011; Yongsheng et al.,
2014). However, the overuse of antibiotics results in the
emergence of antibiotic-resistant bacteria. In the case
of streptomycin, streptomycin-resistant plant and ani-
mal pathogens were reported. For example, 24 of 367
isolates of Mycobacterium tuberculosis from the United
States in 1994 were resistant to 500 pg/ml of streptomy-
cin (Cooksey et al., 1996). The streptomycin resistance
was also found in plant pathogens such as Erwinia
amylovora (Coyier and Covey, 1975; Miller and Schroth,
1972), Pseudomonas syringae pv. papulans (Burr et al.,
1988; Jones et al.,, 1991), P. syringae pv. syringae (Sundin
and Bender, 1993; Young, 1977), Xanthomonas campes-
tris pv. vesicatoria (Minsavage et al., 1990), etc. Currently,
streptomycin resistance in plant pathogens has been
reported more and more (Han et al., 2003; Lee et al.,
2020; Russo et al.,, 2008; Xu et al., 2010). Natural strepto-
mycin resistance in some Pectobacterium species, previ-
ously named as Erwinia carotovora subspecies, causing
diseases in tobacco and Japanese radish, has also been
reported (Kang et al., 1989; Kobayashi et al., 1987). How-
ever, how widely streptomycin resistance is present in
Pectobacterium species isolated in South Korea has not
been well studied.

In this study, the antibiotic resistance or sensitivity of
various Pectobacterium strains isolated in South Korea
was evaluated against 6 common antibiotics, including
streptomycin, using a disk diffusion assay (Table 1, Fig. 1).
Twenty-seven strains, 14 strains of P. carotovorum, 5 strains
of P. brasiliense, 7 strains of P. odoriferum, and 1 strain of
P. parmenteri previously shown to be susceptible to the
bacteriophage phiPccP-1 (Lee et al., 2021), were evaluated
in this study. Six antibiotics, ampicillin, chloramphenicol,
kanamycin, tetracycline, rifamycin, and streptomycin, were
selected for this study and treated on paper disks at their
common concentration: 1 mg/ml, 3 mg/ml, 3 mg/ml, 3 mg/
ml, 500 pg/ml, and 300 pg/ml, respectively. For a disk dif-
fusion assay, 10 pl of antibiotics except streptomycin was
dropped on filter paper disks placed on Luria-Bertani (LB)
plates inoculated with 10’ cfu/ml of bacterial suspension of
Pectobacterium bacteria, and then plates were incubated
at 26°C overnight. To avoid the eclipse of paper disks, 10

pl of the streptomycin was dropped directly on plates. The
results showed that all tested strains showed high suscep-
tibility to ampicillin, streptomycin, chloramphenicol, kana-
mycin, tetracycline, and rifamycin (Table 1, Fig. 1). Notably,
the streptomycin susceptibility was different among those
strains. Some strains showed pale and weak susceptibility
against streptomycin (Fig. 1).

The minimum inhibitory concentration (6.25 pg/ml) of
streptomycin sulfate against P. carotovorum was previously
reported (Nguyen et al., 2017). P. carotovorum also showed
the susceptibility to filter paper disks dipped in 200 ppm
of streptomycin (Gokul et al.,, 2019). Foliar application of
streptomycin products like Agreptor (GyungNong, Seoul,
Korea), Buramycin (Farm Hannong, Seoul, Korea), and Ag-
rimycin (SUNGBO Chemicals, Seoul, Korea) has been used
to control the soft rot disease caused by P. carotovorum
(Bhat et al.,, 2017; Sang et al., 2015) and P. odoriferum (Lee
et al,, 2021). The manufacturer-recommended concentra-
tion of representative streptomycin products to control
the soft rot disease in Korea are 250 pug/ml for Agreptor
and Buramycin and 75 pg/ml for Agrimycin (Abd-El-Khair
and Karima, 2007; Shrestha et al., 2009). Therefore, we also
check whether Pectobacterium strains can be resistant to
streptomycin at the concentration of the commercial anti-
biotic, 250 pg/ml. Instead of using filter paper dishes, 10 pl
of 250 pg/ml of streptomycin itself or a commercial strep-
tomycin-based commercial pesticide, Buramycin were
dotted directly into LB plates inoculated with bacterial sus-
pension. As expected, most of the tested strains showed
susceptibility to both streptomycin itself and Buramycin
with different patterns (Table 2, Fig. 2). Six tested strains
showed strong susceptibility to both streptomycin and
Buramycin, while 16 strains showed mild susceptibility
to either streptomycin itself or Buramycin. Among them,
some strains are resistant to streptomycin itself, but mild
susceptibility to Buramycin. Notably, 5 strains including
4 strains of P. carotovorum and 1 strain of P. brasiliense
showed strong resistance to both streptomycin itself and
Buramycin. These results indicate the emergence of strep-
tomycin resistance in Pectobacterium populations in South
Korea, which is not only limited in single species but also
various species.

Additionally, the distribution of resistant strains seems
not related to isolated host plants or location or even
time of isolation. Indeed, some strains such as PPPL45-46,
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Table 1. Antibiotic resistance or susceptibility of Pectobacterium strains isolated in Korea

Clear zone size (diameter+SD, cm)

Bacteria/Strains Isolation Host plants Isolat.ion
location Amp Kan Chl Tet Strep Rif
P. carotovorum (Pc)
PPPL19 1997 Cucumber Buyeo 2.69+0.02° 1.45+0.05 2.45+0.25 3.25+0.05 0.65+0.05 1£0.1
PPPL24 1997 Potato Jeju 268+0.03 1.28+0.03 2.68+043 2.9+0.1 0.63+0.05 1.08+0.03
PPPL30 1997  Kimchicabbage Hapcheon 2.6x0.2 1.2+0.05 2.7+0.1 29+0.05 0.55+£0.05 1.25+0.35
PPPL33 1997 Cabbage Pyeongchang 29+0.1 1.25+0.05 3.2+0.05 3.15+0.15 0.69+0.03 1.1+0.05
PPPL35 1997  Oriental melon Buyeo 248+0.03 1.2+0.05 2.95+0.05 2.93+0.23 0.7 1.15+0.05
Pcc21 1997 Potato Chunchon  245+0.05 1.3+0.05 2.75+0.05 2.75+0.25 0.68+0.03 =P
PPPL45 2000 Tomato Chungju 24+0.1  1.35+0.05 2.55+0.05 2.9+0.1  0.65+0.05 1+0.05
PPPL46 2000 Tomato Chungju 245+0.15 1.33+£0.03 2.55+0,05 2.85%0.15 0.65+0.05 1.15+£0.05
PcKKH 3-1 2008 Kiwi Suncheon 2.8+0.1 1.28+0.03  3.1%0.1 3.15%0.15 0.7 1.2+0.1
PcKKH 3-2 2008 Kiwi Suncheon  2.75+0.05  1.3+0.1 3.18£0.03 3.33+0.03 0.68+0.03 1.08+0.08
PPPL66 2012 Calla Seoul 2.55+0.05 1.15£0.05 2.8+0.1 3.05+0.05 0.58+0.03 1.05+0.05
PPPL67 2012 Calla Seoul 263+0.13 1.18+0.03 295+0.25 3.3+0.1 0.73£0.03  1.1+0.05
PPPL68 2012 Calla Seoul 2.65+0.05 1.1+£0.05 34+04 335x0.25 0.68+0.03 1.05+0.05
PPPL69 2012 Calla Seoul 2.55+0.15 1.13£0.13  29+0.2  3.05+0.15 0.63+0.08 1.03+0.13
P. brasiliense (Pb)
PPPL21 1997 Tomato Namyangju 24+0.1 1.4£0.1 2.8+0.05 3.15x0.15 0.65+0.05 1.15%0.05
PPPL28 1997 Potato Chuncheon  2.6+0.1  1.25+0.05 2.73+0.03 2.8+0.2 0.63+0.03 1.08+0.03
PPPL59 2010 Stellaria Seocho 24+0.2 1.25x0.05 2.3%0.1 3+0.05 0.63+0.03 1.08+0.08
PPPL70 2012 Eggplant Jinju 2.75+0.05 1.35+0.05 2.1+0.3 3.2+0.2 0.63+0.08 1.25+0.05
PPPL71 2012 Eggplant Jinju 2.55+0.05 1.4+0.1 235+0.05 3.1+0 0.63+0.03  1.1+£0.05
P. odoriferum (Po)
PPPL22 1997  Kimchicabbage Pyeongchang 2.55+0.05 1.28+0.08 2.9+0.1 295+0.15 0.7+0.1  1.13+0.03
PPPL31 1997 Carrot Pyeongchang 2.55+0.05 1.25+0.05 2.9+0.1 3.05£0.05 0.7£0.05 1.34+0.08
PPPL32 1997 Cabbage Pyeongchang 2.65+0.15 1.18+0.03  2.9+0.2 3.1£0.1 0.68+0.03 1.14+0.03
)1 2019 Kimchicabbage Gangneung 2.7+0.2  1.18+0.03 3.13+0.13 3.03+0.23 0.73+0.03  1.1+0.1
J2 2019  Kimchicabbage Jeongseon 2.63+0.13 1.23+0.08 2.7+0.2 2.85+0.35 0.7+0.05 0.95+0.05
)3 2019  Kimchicabbage Jeongseon 29+0.1  1.15£0.05 3.15+0.15 2.95+0.05 0.73+0.08 1.05+0.05
c4 2019  Kimchicabbage Gangneung 2.75+0.05 1.35+0.15 2.9+0.3 3.05+045 0.73+0.08 1.08+0.08
P. parmenteri (Pp)
PPPL42 1999 Potato Jeju 245+0.04 1.42+005 26+0.23 3.21+035 0.75+0.05 1.07+0.07

Amp, ampicillin (1 mg/ml); Chl, chloramphenicol (3 mg/ml); Kan, kanamycin (3 mg/ml); Tet, tetracycline (3 mg/ml); Strep, streptomycin
(300 pg/ml); Rif, rifamycin (500 pg/ml).
°Clear zone was displayed as average of diameter+standard deviation.
®No clear zone (resistance).



Research in Plant Disease Vol.28 No. 3 169

Fig. 1. Resistance or susceptibility of representative Pectobacteri-
um strains against 6 antibiotics. After bacterial growth (A, PPPL32
strain; B, PcCKKH3-1 strain) on Luria Bertani plates, 10 ul of the fol-
lowing concentration of each antibiotic was dropped on paper
disks. Black circles highlight dropped sites of streptomycin. 1, am-
picillin (1 mg/ml); 2, chloramphenicol (3 mg/ml); 3, kanamycin (3
mg/ml); 4, tetracycline (3 mg/ml); 5, rifamycin (500 pug/ml); 6, strep-
tomycin (300 pg/ml).

PPPL62—63, PPPL66-69 showed different susceptible pat-
terns against streptomycin itself and commercial antibi-
otic product, although they were isolated at same time,
same location and same plant species. Furthermore, those
strongly or partly resistant strains were isolated from vari-

ous plants such as cabbage, potato, kiwi, and tomato,
which are severely damaged by Pectobacterium species
(Abd-El-Khair and Karima, 2007; Czajkowski et al., 2011;
Dees et al., 2017; Lee et al., 2021). Notably, the streptomy-
cin resistance of strains isolated in 1997 indicates that the
streptomycin resistance already existed a long time ago.
Therefore, natural existence of streptomycin resistance in
Pectobacterium species should be considered for disease
control practice in the future.

In conclusion, Pectobacterium strains isolated in South
Korea are still susceptible to several antibiotics, while
some of them are resistant to streptomycin. The antibiot-
ics products carrying streptomycin as an active ingredi-
ent have been used to control diverse bacterial diseases
for a long time. This might result in the introduction of
streptomycin resistance in Pectobacterium strains. This
information will alert us to develop alternative methods
for control of soft rot caused by Pectobacterium strains in
the future such as biological control or other antibacterial
compounds.

Table 2. Resistance or susceptibility of Pectobacterium strains against Buramycin and streptomycin as the equal amount to the manufac-

turer-recommended concentration of streptomycin in Buramycin

Bacteria/Strain Streptomycin® Buramycin® Bacteria/Strain Streptomycin Buramycin
PcPPPL19 +4+¢ ++ Pb PPPL21 ++ ++
Pc PPPL24 + + Pb PPPL28 - -
Pc PPPL30 - - Pb PPPL59 + +
PcPPPL33 + + Pb PPPL70 + +
PcPPPL35 + + PbPPPL71 + ++
PcPcc21 + ++ Po PPPL22 + +
PcPPPLA5 + + Po PPPL31 + +
Pc PPPL46 - + Po PPPL32 + +
Pc KKH3-1 - - Po 1 ++ ++
Pc KKH3-2 - + PoJ2 ++ ++
PcPPPL66 - - PoJ3 ++ ++
PcPPPL67 + + PoJ4 ++ ++
PcPPPL68 - - Pp PPPL42 + ++
PcPPPL69 - +

Pc, P. carotovorum; Pb, P. brasiliense; Po, P. odoriferum; Pp, P. parmenteri.

°Streptomycin, a pure streptomycin as the same amount of streptomycin in Buramycin product (250 pg/ml).
*Buramycin, streptomycin-based pesticide with 250 pg/ml of streptomycin.

“++, high susceptible; +, mild susceptible; —, resistant.
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Strains |Pc PPPL19

Pc PPPL30| Pc PPPL46

Pc PPPL62|Pc PPPL68 |Pb PPPL28 | Po PPPL22

++ - =

Streptomycin

- - - +

Buramycin™

- - +

- - - B

Fig. 2. Resistance or susceptibility of several Pectobacterium strains against streptomycin itself and streptomycin-based product, Buramy-
cin, at the concentration of 250 pg/ml. Red circles highlight dropped sites of streptomycin itself or Buramycin. Pc, P. carotovorum; Pb, P.
brasiliense; Po, P. odoriferum. ++, highly susceptible; +, mild susceptible; —, resistant.
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