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Erwinia mallotivora is the causal agent of papaya bacterial 
crown rot disease in Lampung Timur, Indonesia
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Abstract: Sixteen bacterial strains showing oval, convex with a white colony colour were obtained from the water-so-
aked lesions on the petioles and leaves of infected papaya (cv. calina) collected from a papaya field in Lampung Timur, 
Indonesia. The pathogenicity test showed that all the strains produced the same symptoms with those found in the 
field. Four representative strains were then chosen for further investigation. The phenotypic characteristics revealed 
that the strains resembled Erwinia mallotivora. Two representative strains were further identified using a 16SrDNA 
sequence analysis. The result showed that the strains were placed within the group of the type strain and the reference 
strains of E. mallotivora. To the best of our knowledge, this is the first finding of E. mallotivora as the causal agent 
of papaya crown rot disease in Indonesia. Among the sixteen plants used for the host range test, the symptom was only 
observed on eggplants, but not on the other fifteen plant species.

Keywords: eggplant; host range test; identification; sequence analysis of 16SrDNA; water-soaked lesions

An outbreak of  papaya bacterial disease was  ob-
served in October 2017 at Lampung Timur, Indone-
sia. It was initially recognised by the water-soaking 
lesions on the  basal petioles and it would expand 
to  the crown. Further progress of  infection caused 
the crown rot disease and the plant eventually died 
(Figure 1A). Sometimes, the  symptoms were also 
established on the leaves' surface (Figure 1B). Since 
its discovery, the disease has  then also been found 
in  the other papaya production area in  Lampung 
causing severe damage up to  100% yield loss, one 
of which was in Tanggamus (Figure 1C). 

The crown rot disease of  papaya in  Indonesia 
was firstly reported by von Rant (1931) at  Java Is-
land and the pathogen was named Bacillus papayae. 

The  bacteria were then placed within genus Erwi-
nia by  Magrou (1937). Later, Gardan et al. (2004) 
proposed a new name of  the pathogen as Erwinia 
papayae. This pathogen has  been reported caus-
ing papaya bacterial canker in  the Caribbean is-
lands (Gardan et al. 2004). In  this study; however, 
we found that  in  the  advanced stage, the  bacteria 
causing papaya crown rot in  Lampung Timur did 
not cause any canker symptoms indicating that the 
pathogen might be different from those reported 
by Gardan et al. (2004). 

A similar disease on papaya with no canker symp-
toms was  also reported by  Maktar et al. (2008) 
in Malaysia and it was identified as E. papayae. How-
ever, it was  later confirmed by  Amin et al. (2011) 
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that the causal agent of the papaya disease reported 
by Maktar et al. (2008) was not E. papayae, but Er-
winia mallotivora.

This study aimed at  characterising and revealing 
the identity of the causal agent of the bacterial crown 
rot disease of  papaya in  Lampung Timur based 
on  the  phenotypic characteristics and sequence 
analysis of the 16SrDNA as well as to identify its host 
range other than the  papaya. Elucidating the  iden-
tity and host range of  the causal agent is the  first 
step to find an effective controlling method in order 
to prevent further economic losses due to the enor-
mous damage caused by the pathogen.

MATERIAL AND METHODS

Isolation of the pathogen
Isolation was  performed on the  water-soaked le-

sions on the petioles and leaves collected from natu-
rally infected papaya (cv. calina) in the field at Lam-
pung Timur, Indonesia in October 2017. The margin 
between the diseased and healthy area of  the symp-
tomatic petioles and leaves were cut into  pieces 
of 0.5 × 0.5 cm and surface sterilised by dipping them 
into 70% ethanol for 3 seconds and then directly put-
ting them into a 1.5 mL tube containing 500 µL of ster-
ile distilled water, then macerated and allowed to stand 
for 10 minutes. The tissue extract was then streaked 
onto a nutrient agar medium (Oxoid, England) and 
incubated at room temperature for 48 hours. A single 
colony of the suspected pathogens was collected and 
transferred into a potato peptone glucose agar (PPGA) 
media (200 g of potato, 5 g of peptone, 5 g of glucose, 
3 g of Na2HPO4·2H2O, 3 g of NaCl, 0.5 g of KH2PO4, 
20 g of agar, 1 000 mL of distilled water) (Nishiyama 
1978) slant for  further investigation. The  suspect-
ed pathogens were chosen on the  colonies showing 
a convex, oval, shiny, creamy-white colour with slow 
growth. The  confirmed pathogens were then pre-
served in a skim milk media (5 g of skim milk, 0.75 g 
of Na glutamate, 50 mL of distilled water) (Suharjo et 
al. 2014) and stored at –40 °C.

Pathogenicity test
A three-month-old healthy papaya (cv. calina) was 

used for  the pathogenicity test. The  inoculation 
was  onducted by stabbing a drop of the bacterial sus-
pension (~ 108 CFU/mL) in the basal petiole and adax-
ial leaves' surface using a 1 mL sterile syringe. The in-
oculation sites were observed every day for 21 days, 
where some water-soaked lesions emerged. 

Figure 1. (A) Crown rot symptom observed water-soaked 
symptom on basal petioles which had already spread to 
the crown, (B) symptom observed on the leaf surface and 
(C) damage caused by the disease, causing the death of 
all papaya plants in one papaya field at Tanggamus
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Phenotypic characterisation 
The gram reaction test was performed with the non-

staining method using 3% KOH (Ryu 1940). The pro-
duction of  a fluorescent pigment was  observed on 
King's B medium (King et al. 1954). The Oxidation and 
Fermentation (OF) test was conducted using the OF 
medium described by  Hugh and Leifson (1953). 
The  potato soft rot and lecithinase tests were con-
ducted based on the method described by Lelliot et 
al. (1966). The Arginine Dihydrolase (ADH) Moeller 
test was  performed using a Moeller Decarboxylase 
Broth (Himedia, India) medium based on the meth-
od described by Dickey (1979). The growth capabil-
ity at  a 5% concentration of  NaCl was  performed 
based on the  methods described by  Dye (1968). 
The gas production from H2S, reducing the substance 
from the sucrose, and hypersensitive reaction test on 
the tobacco leaves were conducted based on Schaad et 
al. (2001). The purple pigment on the PPGA medium 
was performed by streaking the 24-hour old bacterial 
strain on the PPGA slant medium described by Ni-
shiyama (1978). The utilisation of seventeen organic 
compounds as a source of carbon was conducted us-
ing the  modified Ayers Medium (Society of  Ameri-
can Bacteriologist 1957) that was incorporated with 
0.1% (w/v) of organic compounds. A positive reaction 
was recorded when the bacteria grew on the medium 
that was incubated at 27 °C. Observations took place 
at 2, 4, 7 and 21 days after the inoculation. The growth 
capability at 36, 37, 39, 40 and 41 °C was conducted 
using a yeast peptone (YP) broth medium (5 g of yeast 
extract, 10 g of peptone in 1 000 mL of distilled water) 
(Suharjo et al. 2014).

Molecular identification.
DNA extraction. The  DNA extraction was  per-

formed from the  24-hour-old bacteria cultured 
on the PPGA. A loop of bacteria was directly taken 
from the PPGA and put into a sterile 1.5 mL tube 
containing 20  µL of  DNAzolTM (ThermoFisher, 
USA) and its DNA was extracted following the com-
pany's recommendations.

PCR amplification. Polymerase chain reaction 
(PCR) test was performed using a SensoQuest (Sen-
soQuest GmbH, Germany) thermal cycler machine. 
The  amplification was  conducted in  a total vol-
ume of 25 µL containing 1 µL of the DNA template 
(~  1 µg/µL of  concentration), 12.5 µL of  MyTaq™ 
Red Mix (Bioline, USA) and 1 µL of  primer fD1 
(CCGAATTCGTCGACAACAGAGTTTGATC-
CTGGCTCAG) and rP2 (CCCGGGATCCAAGCT-

TACGGCTACCTTGTTACGACTT) (10  µM in 
concentration) which amplified the  16SrDNA re-
gion with 1  500 bp of  the PCR product (Weisburg 
et al. 1991). The  PCR amplification was  achieved 
with 1 cycle of  an initial denaturation at  94  °C for 
5 min, 30 cycles contained of denaturation at 94 °C 
for  1  min, primer annealing at  58  °C for  1  min, 
a  primer extension at  72  °C  for  1  min, and 1  cy-
cle of  a  final extension at  72  °C for  5  min. The  
PCR product was electrophoresed in a 0.5% agarose 
gel dissolved with a Tris-Boric Acid-EDTA (TBE) 
buffer (pH 8.0) (Invitrogen, USA) containing eth-
idium bromide (10 mg/mL) which was deep within 
the  TBE buffer (pH 8.0) (Invitrogen, USA) at  50 V 
for 70 min. The result was visualised under a DigiDoc 
UV trans-illuminator (UVP, USA). The  PCR prod-
ucts were sent to 1st Base, Malaysia for sequencing. 

Phylogenetic analysis. The  16SrDNA sequence 
was  analysed using the  BioEdit for  Windows pro-
gram (version 7.2.6) (Hall 1999). The  phylogenetic 
tree was developed with a neighbour-joining method 
(Jukes and Cantor model) using MEGA7 (version 7.0) 
for Windows (Kumar et al. 2016). The 16SrDNA se-
quence of the Erwinia species reference strains were 
retrieved from the  NCBI GenBank (https://www.
ncbi.nlm.nih.gov/). The accession number of the re-
trieved sequence can be seen in Table 1.

Host range test. The host range test was performed 
on sixteen kinds of plants species other than papaya 
(aloe vera, celery, Welsh onion, tomato, choi sum, 
Chinese cabbage, cabbage, bean, eggplant, chay-
ote, onion, carrot, chili, cucumber, lettuce and pak 
choi) using the  same method as  described in  the 
pathogenicity test. The  inoculated plant parts were 
transferred into plastic trays (40 × 40 × 60 cm) cov-
ered by cling wrap and incubated at room tempera-
ture (Aeny et al. 2020). Observation on the necrotic 
or soft rot symptoms, which emerged on the inocu-
lated area, was performed every day for 7 days. 

RESULTS

Bacterial isolates. Sixteen bacterial colonies de-
termined as  the causal agent were isolated from 
the symptoms on the petioles and leaves of the pa-
paya. On the nutrient agar (NA) medium, the colo-
nies were oval, convex with a creamy-white colony 
colour; however, at 72 h after inoculation, the colo-
nies' colour turned purple (Figure 2).

Pathogenicity test. All sixteen bacterial strains 
obtained produced the  same symptoms as  found 

1

1

1

1

1

1

1

1

1

2

2

2

2

5

15

16

26

29

33

36

42

49

50



125

Plant Protection Science, 57, 2021 (2): 122–133	 Original Paper

https://doi.org/10.17221/123/2020-PPS
Sp

ec
ie

s
St

ra
in

O
th

er
 d

es
ig

na
tio

n
A

cc
es

si
on

 N
o.

Re
fe

re
nc

e

E.
 a

m
yl

ov
or

a
AT

C
C

15
58

0.
T

C
IP

82
.8

2,
 D

SM
30

16
5,

 L
M

G
20

24
, N

C
A

IM
B.

01
10

8,
 

N
C

PP
B6

83
, P

D
D

C
C

15
40

U
80

19
5

Kw
on

 e
t a

l. 
19

97

E.
 a

ph
id

ic
ol

a
G

TC
16

88
.T

IA
M

14
47

9
A

B2
73

74
4

N
hu

ng
 e

t a
l. 

20
07

E.
 b

ili
ng

ia
e

LM
G

26
13

.T
D

SM
17

87
2,

 N
C

PP
B6

61
N

R1
18

43
1 

 
U

np
ub

lis
he

d
E.

 e
nd

op
hy

tic
a

BS
T

T
30

.T
LM

G
28

45
7,

 C
EC

T
86

92
N

R1
48

65
0

Ra
m

ir
ez

-B
ah

en
a 

et
 a

l. 
20

16
E.

 g
er

un
de

ns
is

EM
59

5.
T

LM
G

28
99

0,
 C

C
O

S9
03

N
R1

48
82

0
Re

zz
on

ic
o 

et
 a

l. 
20

16
E.

 in
ie

ct
a

B1
20

.T
C

FB
P8

18
2,

 N
C

C
B1

00
48

5
K

M
87

07
81

C
am

pi
llo

 e
t a

l. 
20

15

E.
 m

al
lo

tiv
or

a
BT

-M
A

RD
I

–
H

Q
45

62
30

A
m

in
 e

t a
l. 

20
11

D
SM

45
65

.T
AT

C
C

29
57

3,
 N

C
PP

B2
85

1,
 P

D
D

C
C

57
05

A
J2

33
41

4
Sp

ro
er

 e
t a

l. 
19

99
E.

 o
le

ae
D

A
PP

-P
G

53
1.

T
D

SM
23

39
8,

 K
C

TC
42

56
5,

 L
M

G
25

32
2

G
U

81
09

25
M

or
et

ti 
et

 a
l. 

20
11

E.
 p

ap
ay

ae
IC

M
P1

46
28

–
M

F6
82

39
4

U
np

ub
lis

he
d

C
FB

P1
16

06
–

N
R0

42
74

8
G

ar
da

n 
et

 a
l. 

20
04

C
FB

P5
18

9.
T.

D
SM

16
54

0,
 N

C
PP

B4
29

4
A

Y1
31

23
7

E.
 p

er
si

ci
na

AT
C

C
35

99
8.

T
D

SM
19

32
8,

 IA
M

12
84

3,
 JC

M
37

04
U

80
20

5
Kw

on
 e

t a
l. 

19
97

E.
 p

ir
ifl

or
in

ig
ra

ns
C

EC
T

73
48

.T
D

SM
26

16
6,

 C
FB

P5
88

8
G

Q
40

52
02

Lo
pe

z 
et

 a
l. 

20
11

E.
 p

si
di

i
LM

G
70

39
.T

D
SM

17
59

7,
 L

M
G

70
39

, N
C

PP
B3

55
5,

 IB
SB

F4
35

, P
D

D
C

C
84

26
JQ

80
96

96
U

np
ub

lis
he

d
E.

 p
yr

ifo
lia

e
C

FB
P4

17
2.

T
C

IP
10

61
11

, D
SM

12
16

3
A

J0
09

93
0

K
im

 e
t a

l. 
19

99
E.

 ra
ph

on
tic

i
D

SM
44

84
.T

AT
C

C
29

28
3,

 N
C

PP
B1

57
8

A
J2

33
41

7
Sp

ro
er

 e
t a

l. 
19

99
E.

 ta
sm

an
ie

ns
is

Et
1/

99
.T

D
SM

17
95

0,
 C

IP
10

94
63

N
R0

74
86

9
K

ub
e 

et
 a

l. 
20

08
E.

 te
le

og
ry

lli
SC

U
-B

24
4.

T
D

SM
28

22
2,

 C
G

M
C

C
1.

12
77

2,
 K

C
TC

 4
20

22
K

F5
00

91
7

Li
u 

et
 a

l. 
20

16
E.

 to
le

ta
na

A
37

.T
D

SM
18

07
3,

 A
TC

C
70

08
80

, C
EC

T
52

63
, C

FB
P6

63
1

A
F1

30
91

0
Ro

ja
s e

t a
l. 

20
04

E.
 tr

ac
he

ip
hi

la
LM

G
29

06
.T

D
SM

21
13

9,
 C

FP
B2

35
5,

 C
IP

10
52

05
, N

C
PP

B2
45

2
Y1

32
50

H
au

be
n 

et
 a

l. 
19

98
E.

 ty
po

gr
ap

hi
Y1

.T
D

SM
22

67
8,

 L
M

G
25

34
7

G
U

16
62

91
Sk

ro
de

ny
te

-A
rb

ac
ia

us
ki

en
e 

et
 a

l. 
20

12
E.

 u
ze

ne
ns

is
YP

PS
95

1.
T

LM
G

25
84

3,
 N

C
PP

B4
47

5
A

B5
46

19
8

M
at

su
ur

a 
et

 a
l. 

20
12

Ps
eu

dm
on

as
 a

er
ug

in
os

a
LM

G
12

41
.T

AT
C

C
19

19
4,

 C
IP

70
.2

7
Z7

66
51

M
oo

re
 e

t a
l. 

19
97

A
T

C
C

 –
 A

m
er

ic
an

 T
yp

e 
C

ul
tu

re
 C

ol
le

ct
io

n,
 M

an
as

sa
s,

 U
SA

; C
C

O
S 

– 
C

ul
tu

re
 C

ol
le

ct
io

n 
of

 S
w

itz
er

la
nd

, Z
ur

ic
h 

U
ni

ve
rs

ity
 o

f A
pp

lie
d 

Sc
ie

nc
es

, S
w

itz
er

la
nd

; C
C

M
 –

 
C

ze
ch

 C
ol

le
ct

io
n 

of
 M

ic
ro

or
ga

ni
sm

s,
 M

as
ar

yk
 U

ni
ve

rs
ity

, C
ze

ch
 R

ep
ub

lic
; C

EC
T

 –
 C

ol
ec

ci
ón

 E
sp

añ
ol

a 
de

 C
ul

tiv
os

 T
ip

o,
 U

ni
ve

rs
ity

 o
f V

al
en

ci
a,

 S
pa

in
; G

T
C

 –
 G

ifu
 T

yp
e 

C
ul

tu
re

 C
ol

le
ct

io
n,

 G
ifu

 5
01

-1
19

4,
 Ja

pa
n;

 C
FB

P 
– 

C
ol

le
ct

io
n 

Fr
an

C
ai

se
 d

es
 B

ac
tir

ie
s P

hy
to

pa
th

og
en

es
 IN

R
A

, F
ra

nc
e;

 C
G

M
C

C
 –

 C
hi

na
 G

en
er

al
 M

ic
ro

bi
ol

og
ic

al
 C

ul
tu

re
 

C
ol

le
ct

io
n 

C
en

te
r, 

C
hi

ne
se

 A
ca

de
m

y 
of

 S
ci

en
ce

s C
hi

na
; C

IP
 –

 C
ol

le
ct

io
n 

de
 L

'In
st

itu
t P

as
te

ur
 in

st
itu

t P
as

te
ur

, F
ra

nc
e;

 D
SM

 –
 D

eu
ts

ch
e 

Sa
m

m
lu

ng
 v

on
 M

ik
ro

or
ga

ni
sm

en
 

un
d 

Z
el

lk
ul

tu
re

n,
 G

er
m

an
y;

 IA
M

 –
 In

st
itu

te
 o

f A
pp

lie
d 

M
ic

ro
bi

ol
og

y,
 U

ni
ve

rs
ity

 o
f T

ok
yo

, J
ap

an
; I

BS
BF

 –
 P

hy
to

ba
ct

er
ia

 C
ul

tu
re

 C
ol

le
ct

io
n 

of
 In

st
itu

to
 B

io
ló

gi
co

 In
st

i-
tu

to
 B

io
lo

gi
co

, S
âo

 P
au

lo
, B

ra
zi

l; 
IC

M
P 

– 
In

te
rn

at
io

na
l C

ol
le

ct
io

n 
of

 M
ic

ro
or

ga
ni

sm
s 

fr
om

 P
la

nt
s,

 A
uc

kl
an

d,
 N

ew
 Z

ea
la

nd
; J

C
M

 –
 Ja

pa
n 

C
ol

le
ct

io
n 

of
 M

ic
ro

or
ga

ni
sm

s,
 

RI
K

EN
 B

io
Re

so
ur

ce
 R

es
ea

rc
h 

C
en

te
r, 

Ib
ar

ak
i, 

Ja
pa

n;
 K

C
T

C
 –

 K
or

ea
n 

C
ol

le
ct

io
n 

fo
r T

yp
e 

C
ul

tu
re

s,
 K

or
ea

 R
es

ea
rc

h 
In

st
itu

te
 o

f B
io

sc
ie

nc
e 

an
d 

Bi
ot

ec
hn

ol
og

y,
 K

or
ea

; L
M

G
 

(B
C

C
M

/L
M

G
) –

 B
el

gi
an

 C
oo

rd
in

at
ed

 C
ol

le
ct

io
ns

 o
f M

ic
ro

or
ga

ni
sm

s/
 L

M
G

 B
ac

te
ri

a 
C

ol
le

ct
io

n,
 U

ni
ve

rs
ite

it 
G

en
t -

 L
ab

or
at

or
iu

m
 V

oo
r M

ic
ro

bi
ol

og
ie

, B
el

gi
um

; N
C

A
IM

 –
 

N
at

io
na

l C
ol

le
ct

io
n 

of
 A

gr
ic

ul
tu

ra
l a

nd
 In

du
st

ri
al

 M
ic

ro
or

ga
ni

sm
s,

 S
ze

nt
 Is

tv
an

 U
ni

ve
rs

ity
, H

un
ga

ry
; N

C
PP

B 
– 

N
at

io
na

l C
ol

le
ct

io
n 

of
 P

la
nt

 P
at

ho
ge

ni
c 

Ba
ct

er
ia

, F
er

a 
Sc

ie
nc

e 
Lt

d.
 U

K
; P

D
D

C
C

 –
 C

ul
tu

re
 C

ol
le

ct
io

n 
of

 th
e 

Pl
an

t D
is

ea
se

 D
iv

is
io

n,
 D

ep
ar

tm
en

t o
f S

ci
en

tif
ic

 a
nd

 In
du

st
ri

al
 R

es
ea

rc
h,

 A
uc

kl
an

d,
 N

ew
 Z

ea
la

nd
; T

 –
 ty

pe
 s

tr
ai

n

Ta
bl

e 
1.

 R
ef

er
en

ce
 st

ra
in

s u
se

d 
in

 th
is

 st
ud

y

6 89 11 12141720 30 32



126

Original Paper	 Plant Protection Science, 57, 2021 (2): 122–133 

https://doi.org/10.17221/123/2020-PPS

in the field (Figure 3). The water-soaked spots were 
initially observed at  3 days after inoculation fol-
lowed by crown rot at 12 days after inoculation and 
the  plant was  completely dead at  21 days after in-
oculation. Four representative strains (PPY1TDU2, 
PPY2DU2, PPY2TDU3 and PPY2TDU4) were cho-
sen for further investigation.

Phenotypic characteristics. The  results of  the 
phenotypic tests are shown in  Table 2. All of 
the  bacterial isolates showed the  same phenotyp-
ic characteristics. The  bacteria were gram nega-
tive bacteria, fermentative, had a positive hyper-
sensitive reaction on the  tobacco leaf (Figure 4A), 
produced a purple pigment on  the yeast extract-
dextrose-CaCO3 composition (YDC) (Figure 4B) 
and PPGA medium (Figure 4C), were positive on 

the  ADH Moeller test, were positive on the  re-
ducing substance from the  sucrose test, showed 
at rowth capability at 36–40 °C and were able to uti-
lise D-mannitol, Myo-inositol, L-tartrate, glycerol, 
cis-aconitic acid and citrate as their carbon source. 
They showed a negative result on lecithinase test, 
did not produce fluorescent pigment on King's B 
medium, did not produce gas  from H2S, could 
not grow in  5% NaCl and were unable to  utilise 
M-tartrate, D-raffinose, D-arabinose, D-melibiose, 
inulin, D-tartrate, starch, 5-ketogluconate, lactose, 
L-ascorbic acid, and ascorbic acid.

Molecular identification. Two bacterial strains 
(PPY2TDU3 and PPY2DU2) were chosen as  the 
representative strains used in this study for the mo-
lecular identification. The  BLAST search result 
showed that the 16SrDNA sequence of the respec-
tive strains shared a 99.85% sequence similarity with 
E.  mallotivora BT MARDI (Acc.  No.  HQ456230) 
and a 99.20% sequence similarity with the DSM 4565 
type strain of E. mallotivora (Acc. No. AJ233414). 
Both respective pathogens also showed a 99.20% 
sequence similarity with E. papayae ICMP14628 
(Acc. No. MF682394). The  nucleotide difference 
showed that PPY2TDU3 and PPY2DU2 are closer 
to the type strain and reference strains of E. mallo-
tivora than to that of the type strain and reference 
strains of  E. papayae (Table 3). The  result of  the 
phylogenetic tree analysis showed that  the strains 
were placed in the group of type strain (DSM4565.T 
Acc no. AJ233414) and reference strain of E. mallo-
tivora (BT-MARDI, Acc no. HQ456230) (Figure 5).

Figure 2. Bacterial colonies obtained in this study 
which were cultivated on an NA medium 72 hours after 
inoculation

Figure 3. Results of the pathogenicity test on papaya (cv. calina); (A) symptoms on the petiole (B) the leaves and (C) 
the dead papaya plant

(A) (B) (C)
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Host range test. All the  strains showed the  ca-
pability to  infect and produce rotting symptoms 
on the eggplant, but not on the celery, carrot, aloe 
vera, curly lettuce, Chinese cabbage, cabbage, choi 
sum, pak choi, chayote, cucumber, green bean, 
onion, Welsh onion, chili and tomato (Table 4). 
The symptoms appeared at 24 hours after inocula-
tion (Figure 6).

DISCUSSION

Four bacterial strains, as  representative strains, 
selected from the sixteen bacterial strains obtained 
from the  water-soaking symptoms on the  petioles 
and leaves of  the papaya, were further investigated 
on their characteristics and identity as well as their 
capability to  infect and cause symptoms to  host 

OF test – oxidation and fermentation test; F – fermentative; YDC – yeast extract-dextrose-CaCO3; PPGA – potato 
peptone glucose agar

Phenotypic test PPY1TDU2 PPY2DU2 PPY2TDU3 PPY2TDU4
Gram reaction – – – –
OF test F F F F
Lecithinase – – – –
Potato soft rot – – – –
Hypersensitive on tobacco leaves + + + +
Blue pigment on King's B medium – – – –
Blue pigmen on YDC agar medium + + + +
Gas production from H2S – – – –
Growth in 5% NaCl – – – –
Arginine dihydrolase Moeller + + + +
Blue pigmen on PPGA medium + + + +
Growth capability at

36 °C + + + +
37 °C + + + +
39 °C + + + +
40 °C + + + +

Reducing substance from sucrose + + + +
Utilisation of
Myo-inositol + + + +
M-tartrate – – – –
D-raffinose – – – –
D-arabinose – – – –
D-melibiose – – – –
Inulin – – – –
L-tartrate + + + +
D-tartrate – – – –
D-mannitol + + + +
Glycerol + + + +
Starch – – – –
S-ketogluconate – – – –
Lactose – – – –
Cis-aconitic acid + + + +
L-ascorbic acid – – – –
Ascorbic acid – – – –
Citrate + + + +

Table 2. Phenotypic characteristics of the bacterial strains
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plants other than papaya. Identification was  per-
formed based on the phenotypic characteristics and 
the 16SrDNA sequence analysis. The host range test 
was  conducted on eight plant families consisting 
of sixteen plant species (Table 4).

At advanced stages of infection, crown rot was ob-
served leading to  its causal agents as  E. papayae 
(vont  Rant 1931; Gardan et al. 2004; Semangun 

Figure 4. (A) Hypersensitive test on tobacco leaves and 
purple pigment production on the (B) YDC and (C) PPGA 
medium
1 – PPY1TDU2; 2 – PPY2DU2; 3 – PPY2TDU3; 4 – PPY-
2TDU4; YDC – yeast extract-dextrose-CaCO3; PPGA – 
potato peptone glucose agar 
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U80205 E. persicina ATCC35996.T

U80195 E. amylovora ATCC15580.T

AJ233417 E. rhapontici DSM4484.T

AJ009930 E. pyrifoliae CFBP4172.T
AB546198 E. uzenensis YPPS951.T
GQ405202 E. piriflorinigrans CECT7348.T

GU166291 E. typographi Y1.T

GU810925 E. oleae DAPP-PG531.T

AF130910 E. toletana A37.T
JQ929658 E. billingiae LMG2613.T

JQ809696 E. psidii LMG7039.T
Y13250 E. tracheiphila LMG2906.T

NR 148650 E. endophytica BSTT30.T

NR 148820 E. gerundensis EM595.T

NR042748 E. papayae CFBP11606.T
AY131237 E. papayae CFBP5189.T

AB273744 E. aphidicola GTC1688.T
KF500917 E. teleogrylli SCU-B244.T

Z76651 Pseudomonas aeruginosa LMG1242.T
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AJ233414 E. mallotivora DSM4565.T
IIQ456230 E. mallotivora BT-MARDI
MT912567 PPY2DU2
MT912568 PPY2TDU2

MF682394 E. papayae ICMP14628

NR 074869 E. tasmaniensis Et1/99.T

Figure 5. Phylogenetic tree developed based on the 16SrDNA sequence analysis using the neighbour-joining method 
(Jukes and Cantor model) created using MEGA7 for windows
The strains used in this study (PPYDU2 and PPYTDU3) were placed within the type strain (T) and reference strains of 
E. mallotivora; the strains have been deposited into the GenBank with Acc. No MT912567 (PPYDU2) and MT912568 
(PPYTDU3); the type strain of Pseudomonas aeruginosa LMG1242.T. (Acc. No. Z76651) was used as the outgroup

Family Species name Common name Inoculated part
Strains

PPY1TDU2 PPY2DU2 PPY2TDU3 PPY2TDU4

Apiaceae
Apium graveolens celery stem – – – –

Daucus carota carrot root – – – –
Asphodelaceae Aloe vera aloe vera leaf – – – –
Asteraceae Lactuca sativa curly lettuce leaf – – – –

Brassicaceae

Brassica chinensis Chinese cabbage leaf – – – –
Brassica oleracea cabbage leaf – – – –

Brassica rapa choi sum leaf – – – –
Brassica 

rapa subsp. chinensis pak choi leaf – – – –

Cucurbitaceae
Sechium edule chayote fruit – – – –

Cucumis sativus cucumber fruit – – – –
Fabaceae Phaseolus vulgaris green bean pod – – – –

Liliaceae
Allium cepa onion bulb – – – –

Allium fistulosum Welsh onion leaf – – – –

Solanaceae
Capsicum annuum chili fruit – – – –

Solanum lycopersicum tomato fruit – – – –
Solanum melongena eggplant fruit + + + +

Table 4. Plants used for the pathogenicity test
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2007) or . mallotivora (Amin et al. 2011; Cueva et 
al. 2017). Based on the  phenotypic characteristics, 
E. mallotivora and E. papayae can be generally dif-
ferentiated on their capability to  utilise citrate, 
D-mannitol, L-arabinose, reducing the  substance 
from the  sucrose, the  hypersensitive reaction 
on  the  tobacco leaves, and producing a blue pig-

ment on King's B Medium (Goto 1976; Gardan et al. 
2004; Amin et al. 2011). The strains used in this study 
showed the capability to utilise citrate, D-mannitol, 
but not L-arabinose. They were able to reduce the sub-
stance from the sucrose as well as induce a hypersen-
sitive reaction on the tobacco leaves; however, they 
did not produce a blue pigment on King's B Medium. 

Figure 6. The result of host range test (A) carrot, (B) celery, (C) aloe vera, (D) curly lettuce, (E) Chinese cabbage, 
(F) cabbage, (G) choi sum, (H) pak choi, (I) chayote, (J) cucumber, (K) green bean, (L) onion, (M) Welsh onion, (N) chili, 
(O) tomato and (P) eggplant

A positive result was only observed on the eggplant; circle – inoculated site
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These characteristics resemble E. mallotivora report-
ed by  Amin et al. (2011) and Goto (1976). The  ad-
vanced observations revealed that the strains showed 
a purple colony colour at 72 hours after inoculation 
and it was  consistently observed when they were 
cultivated on the YDC and PPGA slant medium. E. 
papayae have not been reported to produce a pur-
ple pigment during their growth (Trujillo & Scroth 
1982; Webb 1985; Olabiyi 2010). Nelson and Alvarez 
(1980) reported bacterial strains showed a purple col-
ony colour causing the purple disease of papaya fruit 
and it was described as E. herbicola. Fullerton et al. 
(2011) found bacterial colonies with a  blue colour 
causing papaya crown rot disease. However, based 
on the  phenotypic characteristics and sequence 
analysis of 16SrDNA, there was insufficient evidence 
to determine the strains as E. papayae. Here, Fuller-
ton et al. (2011) named the pathogen as E. papayae-
like bacterium. Further observations showed that the 
strains did not produce canker symptoms as  those 
produced by  E. papayae reported by  Gardan et al. 
(2004) as well as other scientists (Trujillo & Scroth 
1982; Webb 1985; Olabiyi 2010). Amin et al. (2011) 
reported E. mallotivora, which was  found to  be 
the  causal agent of  papaya crown rot in  Peninsular 
Malaysia, did not produce any canker symptoms. 
This finding indicated that the strains were suggested 
to be E. mallotivora.

The sequence analysis result of 16SrDNA showed 
that the PPY2TDU3 and PPY2DU2 shared a 99.85% 
sequence similarity with E. mallotivora BT MARDI 
(Acc No. HQ456230) and a 99.20% sequence similar-
ity with the DSM 4565 type strain of E. mallotivora 
(Acc. No.  AJ233414). They also shared a 99.20% 
sequence similarity with E. papayae ICMP14628 
(Acc.  No.  MF682394). The  high similarity of  the 
16SrDNA sequence between E. mallotivora and E. pa-
payae were also reported by Gardan et al. (2004) and 
Amin et al. (2011). The CFBP5189 type strain of E. pa-
payae (Acc. No. AY131237) shared a 98.6% sequence 
similarity with the DSM4565 type strain of E. malloti-
vora (Acc. No. AJ233414) (Gardan et al. 2004), mean-
while E. mallotivora BT-MARDI (HQ456230) shared 
a 99% sequence similarity with the  CFBP5189 type 
strain of E. papayae (Acc. No. AY131237) (Amin et al. 
2011). In line with those stated by Gardan et al. (2004) 
and Amin et al. (2011), this study also revealed that 
E. mallotivora and E. papayae are closely related. On 
the basis of the 16SrDNA nucleotide difference analy-
sis, it showed that  PPY2TDU3 and PPY2DU2 were 
closer to the group of E. mallotivora than to that of 

E. papayae (Table 3). The phylogenetic tree analysis 
revealed that the strains were placed in the group of 
type strain (DSM 4565.T Acc No. AJ233414) and 
reference strain (BT-MARDI, Acc No. HQ456230) 
of E. mallotivora. This result confirmed that the iden-
tity of the strain was E. mallotivora.

E. mallotivora was  firstly found in  Mallotus 
japonicus causing dark-brown leaf spot and shoot 
blight (Goto 1976). The  pathogen has  been recog-
nised as  an insignificant disease on M. japonicus, 
which was only a mild symptom affecting the leaves 
and did not cause death of  the shoot (Goto 1976). 
Since then, there have been no reports on any host 
plant other than M. japonicus. In 2011, E. mallotivo-
ra was reported as the causal agent of papaya crown 
rot in Peninsular Malaysia (Amin et al. 2011). Five 
years later, the  pathogen was  also reported in  the 
Philippines affecting papaya plants causing the same 
disease as was previously reported in Malaysia (Cue-
va et al. 2017). In Indonesia, the crown rot disease 
of papaya has been described as solely being caused 
by  E. papayae (Semangun 2007). This study, how-
ever, revealed that  E. mallotivora has  also become 
the pathogen of papaya crown rot disease in Indo-
nesia which was  mostly found in  cv. calina. In  or-
der to reveal the  taxonomic relationship between 
E. mallotivora from papaya, E. mallotivora from 
M. japonicus and E. papayae, a re-investigation us-
ing type strains on their phenotypic characteristics 
as  well as  a cross inoculation both on papaya and 
M. japonicus should be performed.

Several papaya cultivars have been reported to be 
susceptible to E. papayae, such as cv 'solo' (Trujillo 
& Scroth 1982; Webb 1985; Gardan et al. 2004; Cue-
va et al. 2017), Tainung (Gardan et al. 2004), S-64, 
PR6-65, PR9-65, PR 7-65, PR 8-65, CATIE, CVI, JH, 
Trinidad Pink X and Yellow (Webb 1985). Only a few 
papaya cultivars were reported to be least tolerant 
to E. papayae, namely the Barbados Dwarf 2x, Trini-
dad Pink, STT 683-1 and PR 10-65 (Webb 1985). So 
far, the capability of E. mallotivora to cause diseases 
on other cultivars of papaya have not been elucidat-
ed upon. In order to obtain comprehensive control 
strategies, it is strongly recommended to  perform 
pathogenicity tests on other papaya cultivars.

The host range test discovered that  the E. ma-
llotivora strains used in  this study only caused 
symptoms on the  eggplant fruit, not on the  other 
fifteen plant species. It indicated that the pathogen 
had been restricted to  the host plant. In  the case 
of E. papayae, the study performed by Webb (1985) 
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on the survival of E. papayae on leaves of eighteen 
plant species showed that at 7 days after inoculation, 
the pathogen can only be recovered from the cow-
pea, melon and tomato. At 14 days after inoculation, 
an increase in the recovered pathogen was observed 
merely on the  melon and tomato. A further study 
performed by  Olabiyi (2010) revealed that  among 
thirteen plant species inoculated with E. papayae, 
only two species (Siam weed and tomato) showed 
potential as being an alternative host of the patho-
gen. The  pathogen can be recovered from these 
two plants 7 days after inoculation, but not from 
the other  tested plants. After 14 days of  inocula-
tion, the  population of the pathogen was  too low 
to  be detected or completely disappeared. In  the 
case of  E. mallotivora, however, there is no report 
on the host range other than M. japonicus and pa-
paya. The information obtained in this study can be 
used as a preliminary report to reveal the host range 
of this pathogen.

Acknowledgement: We thank the Faculty of Ag-
riculture, University of Lampung for permitting us 
to use their research facilities during this study.
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