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ABSTRACT
Effect of Altitude and Wounding on Blood Disease Progress of Plantain. In the latest decade, the blood disease of banana
has spread in almost all provinces in Indonesia and caused wilting of millions banana clusters in several provinces. It is
very difficult to control the disease due to the base data about ecology and epidemiology of the pathogen are still poorly
understood. This research aimed to evaluate the effect of wounding of inoculation site on blood disease progress of
plantain. The experiment was arranged using randomized completely block design It was conducted at three locations with
altitude of 100, 1000, and 1600 m above sea levels as replication block. The treatments were wounding, unwounding
inoculation site, inoculation, and uninoculation of plantain cv. Kepok Kuning Wounding was applied by stabbing with an
injection pin around the corm of 15 stabs/seedling. The seedlings were planted singly in one liter of non sterile soil in plastic
bag. Each treatment consisted of 5 seedlings which was replicated 3 times. Inoculation was done by soil drenching of 20
ml bacterial suspension at concentration of 108 cfu/ml two week after planting. The pathogen used for inoculation
originated from low land area (about 100 m above sea level). Observation was done weekly for 5 weeks. The variables
observed were wilt intensity and area under disease progress (AUDPC). The results showed that blood disease was able to
establish at altitude of 1600 m above sea level. The disease progress however was slower that those at 100 and 1000 m
above sea level. On wounded seedling, the disease progress was more aggressive than those on unwounded one.
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INTRODUCTION
Blood disease is a major obstacle of banana and
plantain production in Indonesia (Supriadi, 2005). The
causal agent of the disease is called Blood Disease
Bacterium (BDB).
Formerly it was called
Pseudomonas celebensis by Gauman and used
reinstatement by Eden-Green et al. (1988), but it is no
longer valid (Supriadi, 2005). In the field, the
pathogen is highly virulent in cooking banana (ABB
group) varieties (Eden-Green, 1994) but in artificially
inoculation other varieties (desert banana, AAA
group) the pathogen are virulent as well (Sudirman &
Supeno, 2002). Currently the disease had been
reported in 90% (27 of 30) provinces Indonesia with
disease incidence varies 10.000’s to 1.000.000’s
clusters (Anonymous, 2006, Subandiyah et al. 2006).
Certain districts in which ABB group were planted
such as Bondowoso and Lombok, were extremely
serious. The disease incidence reach more than 80
percent (Mulyadi & Hernusa, 2002; Supeno, 2002;
Supriadi, 2005).
Blood disease is still difficult to control due to
poor fundamental knowledge about ecology and
1

epidemiology of the disease. For example, how long
the pathogen survive in soil, whether the pathogen
associate with root systems of non-host plants, and
whether widespread is the problem in naturally
occurring Helliconia and Musa spp. It is obvious that
in-depth studies on the ecology and epidemiology of
blood disease bacterium of banana is urgently
required (Fegan, 2005). How the role of wounding in
infection process and how the effect of altitude on
blood disease progress are two important aspects
having not been studied yet as well.
The aim of the research is to evaluate the effect
of altitude and wounding inoculation site of plantain
seedlings to blood disease progress.
MATERIALS AND METHODS
The experiment was arranged using randomized
completely block design. It was conducted at three
locations with altitude of 100, 1000, and 1600 m
above sea levels as replication block. The treatments
were wounding, unwounding, inoculation, and
uninoculation seedlings of plantain cv. Kepok Kuning.
Wounding was applied by stabbing with a syringe
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injection pin around the corm of 15 stabs. The
seedlings were planted singly in one liter of non
sterile soil in plastic bag. Each treatment consisted of
5 seedlings which was replicated 3 times. Inoculation
was done by soil drenching of 20 ml bacterial
suspension at concentration of 108 cfu/ml two week
after planting. The pathogen used for inoculation
originated from low land area (about 100 m above sea
level). Wounding was applied by stabbing of syringe
injection pin around the corm of 15 stabs/seedling.
Wilt intensity was observed as dependent variables
that were assessed weekly for 5 weeks. Wilt intensity
was assessed using:
I 
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where I=wilt intensity (%); n=number of plants with
respective disease rating; v=disease rating (0, 1, 2, 3,
or 4); N=the number of plants observed; and V= the
highest disease rating (4). Disease ratings used in the
observation consist of: 0=no symptoms; 1=one leave
wilted; 2= two leaves wilted; 3= three leaves wilted
and 4=whole plant wilted (dead plant). This was
modified from the rating system of Winstead and
Kelman (1952).
Then the periodical data were used to calculate
AUDPC (Area Under Disease Progress Curve) using
formulation as following :
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intensity (%), X1=time of observation, X2=altitude (m
above sea level) and D1=dummy variable of
wounding. The second used a model Y=a+b1X1+D1
Y=AUDPC, X1=altitude (m above sea level) and
D1=dummy variable of wounding. For analyzing
cumulative and single effect of independent variables
to dependent variable were used F-test and t-test
respectively. The data of growth and weather were
analyzed using t-test pair mean comparison.
RESULTS
The results showed that wilt intensities caused
by BDB were slightly affected by the altitudes in
which the climates were different. Up to 1600 m
above sea level, artificial inoculation of BDB was able
to infect plantain seedling and the disease was still
establish. In higher land however, the blood disease
progress was slower.
Based on the regression analysis, altitude and
wounding on plantain seedling significantly increased
wilt intensity and AUDPC (Fig. 1, Table 1). The
effect of wounding on the progress of blood disease
were showed on all levels of altitude.
The results suggested that the blood disease
progress on higher altitude of land and especially on
unwounded seedling was more progressive than those
at the middle and lower altitude of lands. Possibly, it
is related to stressed seedling at the higher altitude of
land. In facts, the air temperature and relative
humidity were various from three levels of altitude
(Table 2) by which the plantain growth were effected.
The growth of uninoculated-unwounded seedlings at
the middle and high altitude of land was retarded and
even more at higher land (Table 3).

where X=wilt intensity, t=times.

DISCUSSION
In addition, weather, Rh and temperature in
which the trials were held were read three times daily
(at 06.00, 12.00, and 18.00 o’clock) using Thermo
hygrometer and temperature of soil using Mercury
Thermometer. The growth variables were observed
weekly for 35 days after transplanting on control
unwounded-uninoculated seedlings. The height of
plant was measured from the basal pseudostem to the
highest leaf.
The data were analyzed with linier regression of
wilt intensity and AUDPC as dependent variable. The
first used a model Y=a+b 1X1+b2X2+D1 where Y=wilt

Most meteorological parameters are affected by
topography. Altitude determines environmental
conditions especially the climates or the weathers in
an agriculture ecosystem including soil climates. The
soil climate is essentially resulted from the interaction
of three components: temperature, humidity, and
aeration of soil. average, air temperatures decrease
about 0.6 oC per 100 m ascent (Seemann et al., 1979).
The results showed that the blood disease
progress
was
more
favorable
at
the
lower land in which the soil temperature was higher.
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Y=-40.98X1+4.68X1+-5.51x10-3X2+36.67 D1 R2=0.91; Sig. F Change=0.000; Sig. t-test of
X1=0.00, X2=0.024, D1=0.000; where Y=wilt intensity (%); X1=time of observation (day);
X2=Altitude (m above sea level); D1=wounding
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Fig.1. The effect of wounding treatment on plantain seedling to wilt intensity at three levels of altitude in AprilMay 2006
Table 1. Effect of altitude and wounding to AUDPC of blood disease for 0-3 and 0-5 weeks after inoculation
plantain seedling.
AUDPC (weeks after inoculation)
Treatments: Altitude and
Wounding

0-3

0-5

Uninoculated

Inoculated

Uninoculated

Inoculated

Low land, 100 m above sea level
Unwounded seedling
Wounded seedling

0.00
0.00

211.67
968.33

0.00
0.00

1061.67
-

Middle land, 1000 m above sea level
Unwounded seedling
Wounded seedling

0.00
0.00

210.00
898.33

0.00
0.00

915.83
-

High land, 1600 m above sea level
Unwounded seedling
0.00
215.83
0.00
1131.67
Wounded seedling
0.00
665.00
0.00
2
Results of Regression analysis: Y=302.29-0.068X1+614.92D1 R =0.97; Sig. F change=0.000; Sig. t-test of
X1=0.046, D1=0.000 where X1=AUDPC, D1=altitude (m above sea levels)
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Table 2. Daily Relative humidity, air and soil temperature on April-May 2006

Altitude

Air Relative
Humidity, Rh (%)
Range
Average1

Temperature oC
Air
Range

Low land,
100 a.s.l.

52-91

68.10
±5.39a

22-34

Middle Land,
1000 a.s.l.

60-95

73.46
±4.08 b

20-30

Average1
26.22
±3.42a
24.70
±3.8b

Range

Soil Media
Average1

20-39

18-31

29.01
±5.39a
24.16
±1.15b

High Land,
91.65
20.22
16.57
65-98
10-25
9-21
1600 a.s.l
±5.88c
±2.63c
±0.99c
1
average followed by the same letters are significantly indifferent at confidence of 95% according to t-test
analysis.

Table 3. Plant height and weight of plantain seedling, cv. Kepok Kuning at three levels of altitude on 35 days
after transplanting (April-May 2006)
Altitude

Height ofa Seedling

Weight ofa

Fresh Plant
Dry Plant
Low land, 100 a.s.l.
48.86 a
76.86 a
25.94 a
Midle Land, 1000 a.s.l.
44.14 b
57.85 b
14.70 b
High Land, 1600 a.s.l
42.67 c
36.90 c
7.73 c
a
means of 15 seedlings and the means followed by the same letters are significantly indifferent at confidence of
95% according to t-test analysis.
Buddenhagen (1961) reported that the bacterial wilt
of banana was caused by R. solanacearum race 2
strain distributed in some countries in which as
temperature and humidity are high. Goto (1992) stated
that the temperature for optimum growth of plant
pathogenic bacteria usually fall within the range of 25
to 30oC. Whereas Buddenhagen and Kelman (1964)
mentioned that Moko disease caused by R.
solanacearum race 2 developed aggressively at range
of temperature of 25 to 35 oC. It was reported that the
R. solanacearum race 2 is closely related to blood
disease bacteria (Seal et al. 1992; Eden-Green, 1994;
Prior and Fegan, 2005; Fegan and Prior, 2006).
At 1600 m a.s.l. in which air temperature was
the lowest and relative humidity was the highest,
blood disease progress was still establish. It means
that the environmental conditions were still favorable
to blood disease infecton, although the wilting rate
was the lowest. In its comparing with blood disease
progress at the lower altitude however the disease

progress at the high land was more aggressive on
period of 3-5 weeks after inoculation. Possibly, the
increase of blood disease progress at 1600 m a.s.l. was
rather effected by environmental stress especially low
temperature on the seedling than by the blood disease
bacterium showed that at 1600 m a.s.l. the growth of
plantain seedlings were retarded. The environmental
stress can predispose plant to infection of some
pathogens (Agrios, 2005).
Plant pathogenic bacteria enter the host plants
through wounds and natural opening but not by direct
penetration of non injured tissues (Danniels, 1992;
Goto, 1992; Agrios, 2005). In this research the
wounding of corm of plantain seedling improved
infection of BDB. Goodman (1982) explained that
injury of host is integral to initial phase of infection
process of phytopathogenic bacteria. Although many
bacteria cause infection by penetrating natural
opening, seemingly some species of phytopathogenic
bacteria parasitize the host more successfully, i.e.
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more uniformly and intensively through a wound site
of even minute proportion. All plant parts are likely to
be injured by variety of causes such as insects, wind,
farming practices such as pruning, and mechanical
damage due to agricultural machinery. The wounds
utilized by the bacteria may be fresh or old and may
consist of lacerated or killed tissue. These injuries are
usually visible and constitute the major portals of
entry for most bacterial plant pathogens. However, the
wounds, that may not visible, can also become
important sites of bacterial infection (Goto, 1992;
Agrios, 2005).
In this research was used no sterile soil thus
possibly soil microorganisms involved in natural
wounding of seedling. Bolton et al. (1993) explained
that injured roots may be due to microbial attack
(detrimental microbes) and natural slough of root cap
cells. Rhizoplane is usually inhabited by a lot of
rhizobacterium. The some bacteria lyse and invade
epidermal and cortical cells of the roots with invisible
symptoms, but sometime no effect on plant growth.
The detrimental rhizobacteria are called deleterious
bacteria (Cook & Baker, 1983; Kloepper, 1993,).
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CONCLUSIONS
The present study showed that blood disease
progress was still able to establish at altitude of 1600
m above sea level. The progress of blood disease
however, was slower than at 100 m and 1000 m above
sea level. On wounded seedling, the disease progress
was more aggressive than those on unwounded
seedling.
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