AEYoR
Res. Plant Dis. 18(4) : 361-369 (2012)
http:/dx.doi.org/10.5423/RPD.2012.18.4.361

| Research Article | Open Access |

I__l
Jr
o
a
1]
0E

Research in Plant Disease

[ ©The Korean Society of Plant Pathology |

UX|E - UMY - 2MHr
AEY sk oA 2t

Development of a Forecasting Model for Bacterial Wilt in Hot Pepper
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A population density model for bacterial wilt, which is caused by Ralstonia solanacearum, in hot pepper was
developed to estimate the primary infection date after overwintering in the field. We developed the model
mechansitically to predict reproduction of the pathogen and pathogensis on seedlings of the host. The model
estimates the pathogen's populations both in the soil and in the host. In order to quantify environmental
infection factors, various temperatures and initial population densities were determined for wilt symptoms on
the seedlings of hot pepper in a chamber. Once, the pathogens living in soil multiply up to 400 cells/g of soil,
they can infect successfully in the host. Primary infection in a host was supposed to be started when the
population of the pathogen were over 10° cells/g of root tissue. The estimated primary infection dates of
bacterial wilt in 2011 in Korea were mostly mid-July or late-July which were 10-15 days earlier than those in
2010. Two kinds of meterological data, synoptic observation and field measurements from paddy field and
orchard in Kyunggi, were operated the model for comparing the result dates. About 1-3 days were earlier

from field data than from synoptic observation.
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Table 1. The calcualted population density of Ralstonia solancearum after inoculation and the incidence of pepper seedlings in each

temperature regimes and the initial population density

Bacterial population

Calculated population

Tem;ierature Igi)tli)afl (Logyo cells/ml) Increasing times D(f[lilrﬁlg?g (Logy, cells/ml) Death rate® (0—1)
<) (cells/ml) &ﬁgs 82:11)[1?; 0-84 hrs 48-84hrs g(T),hr 5days 6days 7days 5days 6days 7 days
4% 107 1.7 2.04 0.28 2.19  31.65 3.79 4.18 4.57 0 0 0
4x10° 2.51 2.95 0.23 2.75 2413 4.7 5.09 5.48 0 0 0
19 4x10* 23 3.52 0.08 16.6 8.9 5.27 5.66 6.05 0 0 0
4x10° 2.89 3.68 0.01 6.17 13.73 543 5.82 6.21 0 0 0
4x10> 218 3.08 3.01 794 12 6.41 7.14 7.88 0 0 0
4x10° 2.64 4.15 3.52 32.36 7.21 7.47 8.21 8.95 0 0 0
22 4x10* 3.81 5.88 18.84  117.49 5.26 9.2 994  10.68 0 0 0
4x10° 5.15 6.92 20.85 58.88 6.11 10.25 10.98 11.72 0.25 0.25 0.25
4% 107 2.61 5.11 326.55 31623 4.33 10.54 11.74 1295 0 0 0
25 4x10° 52 6.26 452.14 11.48 10.31 11.68 12.89  14.09 0 0.25 0.5
4 x10* 5.51 7.59 979.64  120.23 52 13.02 1422 1543 0 0 0.25
4x10° 59 8 251.19  125.89 516 1343 1463 1584 075 0.75 1
4 x 107 3.84 52 401.9 2291 7.94 9.69  10.69 11.69 0 0 0.25
»8 4x10° 523 6.3 502.38 11.75 1012 1079 11.79  12.79 0.5 0.75 1
4 % 10* 6.11 8.18 3767.83 117.49 5.26 12.67 13.66 14.66 0.75 1 1
4x10° 7.43 8.28 477.26 7.08 12.79 12.77 13.77  14.76 1 1 1
4 x 107 4.95 6 2486.77 11.22 10.35 8.4 8.93 9.47 0 0 0.25
31 4x10° 634 6.88  1883.91 347 2035 9.28 9.81 10.35 1 1 1
4 %10 6.81 826 45214 28.18 7.48 10.66 11.19 11.73 1 1 1
4x10° 7.49 8.38 602.85 7.76 12.19 10.78 11.31 11.85 1 1 1

*Doubling time, g(T), is the hours to take doubled populations in vitro.

®Death rate is the proportion of diseased seedlings at 7 days after inoculation.
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Fig. 1. Population of Ralstonia solanaceaum in liquid culture media according to the four initial populations (4 x 10%, 4 x 10%, 4 x 10?,
4 x 10* cells/ml) and the five temperature regimes (19, 22, 25, 28, 31°C). The population size were measured at 48 hours and 84 hours

after inoculation.
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right side were the incidence of bacterial wilt on pepper seedlings
based on the final population density. There was no disease
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between 19-31°C. There were two cases of exceptions at 4 x 10*
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the initial density of 25°C. Although the final populations of the

two cases were between 10° and 10 cells/ml, symptom were not
found.
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7t R ANE Bl dxet 4

y = 0.2795x2 - 14.397x + 191.23

25 ° R2 = 0.4434

Doubling time (hr)

15 20 25 30 35
Temperature (TC)

Fig. 4. Regression analysis of the doubling times in each
temperatures. Twenty data were calcualted from the experiment
of population study of the liquid culture. As it shows on, 2nd
order regression was the best fit. ‘y’ was doubling time and ‘x’
was temperature.

Table 2. Differences of the model-estimated primary infection dates calculated from the two meteorological data between the synoptic

observation of KMA® and the field data of ARES” in Kyunggi

Synoptic observation Primary infection

Field measurement Primary infection

Year sifes date Field type sites Jate Difference’
Dongducheon 7/23 Apple orchard Pocheon 7/22 -1d
Seoul 7/22 Pear orchard Namyangju 7/18 —4d
Yangpyung 7/12 Pear orchard Yangpyung 7/13 +1d

2010 Munsan 7/13 Pear orchard Paju 7/13 0d
Cheolwon 7/25 Paddy field Pocheon 7/16 -9d
Incheon 724 Paddy field Siheung 7/11 -13d
Suwon 7/17 Paddy field Hwaseong 7/14 -3d
Icheon 7/18 Paddy field Icheon 7/15 -3d
Dongducheon 7/14 Apple orchard Pocheon 7/15 +1d
Seoul 7/10 Pear orchard Namyangju No infection
Yangpyung 7/09 Pear orchard Yangpyung 7/10 +1d

2011 Munsan 7/11 Pear orchard Paju 7/11 0d
Cheolwon 7/13 Paddy field Pocheon 7/14 +1d
Incheon 7/14 Paddy field Siheung 7/10 -4d
Suwon 7/10 Paddy field Hwaseong 7/10 0d
Icheon 7/11 Paddy field Icheon No infection

*KMA: Korea Meteorological Administration.
"ARES: Agricultural Research and Experiment Service.

cee_»

means the primary infection date calculated from field data is earlier than those from synoptic observation data and vice versa.
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Fig. 7. The calculated primary infection date of bacterial wilt in
2010 and 2011 in Korea. A forecasting model was operated by
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were divided into late-June, early-July, mid-July, late-July, early-
August, mid-August and late-August.

i

r
-4
2
>
Y
>,
o

kd
X
i
o
=)
ul ]
o
1o,
)
o
<]
ok
2
N
)
12
Y
off
N
)

2

i X
rr
o
o

)
K-
>

i TR
I

12 Y

=oé

o

3{_5

<]

£y

t

o

X
T

1o M
P
we o

o,
4K

ok X
)
12 ok
2
INI JINI
o

off
>
=,
k]
)
o
s
1
ol
A
M
=)
al
H—l OE,
1)
. ©

By
T

44 e
o
o
2
o
oX,
i
ofN
=

o ML

|
o 2
_>E mlm
o
i %
2 S

g 2 o

lo 1 o
M
i)
ul
)
o
12
)
o
-

o
>
Lo £
24

fo dlo
rlo O?E
s
2PN off
>
o

ok Il o op
2
=

o

=2
ofy
2_4
i)
™ 2og
I
X
Hl
O
m
o
=

@ oy ™
ok > OlN
9 lo 1x
>

i

o
=
1z
fu
1o,

o X

(e

]
1%y
lo
z

2 ok
o
2
|\
_0|L
Ir
Y
flo
e
iz

L1

e |o

oy

o
w
fr
N
T
o
Y
=X
oF
=
by
ot

i

2
A
o off
% o2
N
)y
s
>,
i
oo
ok
B
~
- 7

2ofo ox
b
)
K
rlo
A o
ol 2
ofN
g fo
ok
o
N
k)

32 oz

(o

>

b

2

=

o

ka1

e

lo

ot

N

N

rr

> o

N

o &

N =

ne (lq.g
(o3

> 7

¥ i

LW
o
2
M
A,
bl
o
e

")

i)l

i)

b
™l
Y

o

oofo 2 T g2 540 pk Lo opdoou 2 2RI o o

re
-4
=2
>
2
>
o
!
m&
o ©
ik
ofo
ru U
ald
¥0 >~
tlo
U
°
I

k

a=)
al(
bl of

o
ol rlo
o
—_ 2
2 i
1
x X
S
> o
=
20
&Y
td
o
[o
=
kS
ol
ol

2
o
=2
S

(N
i)

2
H\
1 o
4
¥o rr
td

inj
rlo
N
r i
ofN g
ok
o,
M
1o
=)
)
'S
N,
_1
2
>

ol
fr g

o gl -
o

o,
=2
i td
of
ol
2

>

o
~

St o)y fo ol
ro,
o
e
= ok
lo,
N
ko
[N
AL
)
of S ' > Ml o2 N 2 o s o 2

pocy
o
)
> ok @
rjg
=1
ol
2
i -
rlo
b1
=)

_H
o
P,E
32
o
-
4

fo

SR
o,

bog
=
o2
2
2

S~

é .

SR
A
e

H
lo

2 o
]
Ak
S
>
e
o
=)
ot &
1o = oo
ok y
9

Uity g
o
e
X
- oF
o 2

of
of

% H1omjo
1 =
o

o
of

3} skt

h g2 E =S

2

y

>,
tlo 2 ko
IZF
=
lo I
o

122
of
o
l
e ot = ofy

td

o,

oy 1 rfo
e w

FN
tlo
ox
o
o
o
&
oy
of i

Fom o aE o HE rfd B O & I
¢

e d
30 o
= 4
m
o2
=2
>
1>
ol
ol
rr
o
ro
M
rlo
~
=y
S
(@]
o,
@
03

o ro

g o
N
M
2

oflt 0\‘}1



2
o

oAl 715 dElol AF¥Hoz st

o wl S5kt 10° cells/g o’del® #H A 1AL

TgtERE, o] A7]E ErtEHel HE

Zd g A3t 201082 119 A= 714
A5 B8l FrEH S A5t

FEo] AgeA 79 T3 shol

Q)
=
201019 B 10-15Y W2 o)k =
o]
=

H

2

oo N 2 2 o Y to ro

>
N
i
k)
:i N
¥

o e

4 M ood fr

* o o
gy
~
oX
>
b
o fiu

Acknowledgement

This study was carried out with the support of Cooperative
Research Program for Agricultural Science & Technology
Development (Project No.: PJ007395), Republic of Korea.

References

Agrios, G. N. 2005. Plant pathology. 5th ed. Academic Press,
Burlington, MA, USA. 922 pp.

Billing, E. 1984. Principles and applications of fire bilght risk
assessment systems. Acta Horticulturae 151: 15-22.

Cha, C., Gao, P, Chen, Y.-C., Shaw, P. D. and Farrand, S. K.
1998. Production of Acyl-Homoserine lactone quorum-
sensing signals by gram-negative plant-association bacteria.
Mol. Plant Microbe In. 11: 1119—-1129.

Cheng, G Y., Legard, D. E., Hunter, J. E. and Burr, T. J. 1989.
Modified bean pod assay to detect strains of Pseudomonas
syringae pv. syringae that cause bacterial brown spot of snap
bean. Plant Dis. 73: 419-423.

Clough, S. J., Lee, K.-E., Schell, M. A. and Denny, T. P. 1997. A

=

Y 369
two-component system in Ralstonia solanacearum modulates
production of phcA-regulated virulence factors in response to
3-hydroxypalmitic acid methyl ester. J. Bacteriol. 179: 3639—
36438.

De Wolf, E. D. and Isard, S. A. 2007. Disease cycle approach to
plant disease prediction. Annu. Rev. Phytopathol. 45: 203—
220.

Do, K. S., Kang, W. S. and Park, E. W. 2012. A forecast model for
the first occurrece of phytophthora blight on chili pepper after
overwintering. Plant Pathology J. 28: 172—184.

Jacquart-Romon, C. and Paulin, J. P. 1991. A computerized
warning system for file blight control. Agronomie 11: 511-
519.

Kang, W. S., Yun, S. C. and Park, E. W. 2010. Nonlinear
regression analysis to determine infection models of
Colletotrichum acutatum causing anthracnose of chili pepper
using logistic equation. Plant Pathology J. 26: 17-24.

Kim, B. D., Park, H. G. and Kim, Y. H. 2004. Molecular genetics
and breeding of chili pepper in Korea. Center for Plant
Molecular Genetics & Breeding Research. 522 pp.

Kim, S. T., Shin, J. W., Kim, J. H. and Yun, S. C. 2010.
Temperature and initial inoculum density as the factors of
bacterial wilt on hot pepper. Res. Plant Dis. 16: 360.

Lee, J. M. 2010. Characterization of sources of resistance to
bacterial wilt and breeding cytoplasmic male sterile lines for
resistance to bacterial wilt and Phytophthora blight in
Capsicum Pepper. MS thesis. Kyungbuk National Univ,
Daegu, Korea.

Lee, K. H,, Ahn, K. S., Song, M. K., Yu, S. E., Choi, M. K., Lim,
S. C. and Kim, H. T. 2011. Disease incidence on red pepper of
chungbuk province in 2011. Res. Plant Dis. 17: 442. (In
Korean)

Park, S. G. and Kim, K. C. 1991. Pathogenicities of pathogens and
disease complex associated with wilt of hot pepper plants
croppped in plastic house. Korean J. Plant Pathol. 7: 28-36.



