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Bananas: a lifeline commodity
ÅSmall and backyard growers- a vital 

source of income and food; a 
substitute for rice and corn

Å/ƻƳƳŜǊŎƛŀƭ ά/ŀǾŜƴŘƛǎƘέ ƎǊƻǿŜǊǎ-

for export

1. Provide employment

2. Dollar earner- $200M/yr  for fresh 
exports; 5.3M tons 

ÅPhilippines ranks no. 3 among exporting countries



Moko or bacterial wilt

ÅCommon in 
export banana  
όά/ŀǾŜƴŘƛǎƘέύ

Åά[ŀƪŀǘŀƴέ ŀƴŘ 
ά[ŀǘǳƴŘŀƴέ ŀǊŜ 
susceptible

ÅA quarantine 
concern



Moko or Bacterial Wilt



Bugtok
ÅCommonly 

observed in 
ά{ŀōŀέ ƻǊ 
ά/ŀǊŘŀōŀ Φ

ÅPlants appear 
healthy in the 
field but fruits 
are discolored 
and lumpy.



Ralstonia solanacearum
(Pseudomonas solanacearum)

Race 1- wide variety of hosts including diploid 
bananas (300 plant species, 40 families)

Race 2- bananas and Heliconia

Race 3- potato and tomato

Race 4- ginger

Race 5- mulberry (China)

Banana race- Phylotype II, MLG 24 (Central 
America); Race 2;  Biovar 1



H. psittacorum 

(bihai) (+)

H. parrot (lobster 

claw) (+)

Bird of Paradise (isolated)

Tambopata (-)H. paraquit (-)

Tolentino, M. 1995-Heliconias

De los Santos, P. 1993

(Ampalaya, uray, ulasiman, 

potato (?), peanut and tomato 

by soil inoculation did not wilt)



Was mokointroduced in the Philippines?

ÅCǊƻƳ ŎǾΦ ά±ŀƭŜǊȅέ ǿƘƛŎƘ ǿŀǎ ƛƳǇƻǊǘŜŘ ŦǊƻƳ 
Honduras in 1969 as planting materials (San 
Juan 1977)

ÅRoperos (1965) first report of bugtok in 
Bukidnon

ÅZehr and Davide (1969) first report of tapurok 
in Negros Oriental

ÅOld folks claim that bugtok was already 
observed in 1950s

ÅSoguilon 1990 conducted studies on bugtok



Ralstonia solanacearum race 2

ÅGenetically homogeneous (Raymundo, et 
al 1998, Ilagan, 1996, Lavinia, 2000, Aves-
Ilagan et al 2003, Eden-Green 1995, 
Fegan 2005)

ÅMLG 24, 25, 28 (Fegan and Prior 2005)

ÅPathological differences between moko 
and bugtok isolates? 

ÅSymptom if cross-inoculated ?

ÅRole of inflorescence in transmission? 



Cross inoculation experiments

Field experiments:

1. Inoculated in 9wk old seedlings((1st 

set up) ; 

2. 3mo, 6mo and 9mo-after 
transplanting (2nd set up); 

3. flowering (3rd setup)

ÅObserved for wilting every week and 
pulp discoloration at fruit harvest if 
any



Objectives

1. To determine the reaction of the two 
cultivars, Cavendish and Cardaba to wilting if 
inoculated with the Moko and Bugtok strains 
of Ralstonia solanacearum.

2. To compare the virulence and aggressiveness 
of the two bacterial strains.

3. To determine if age of cultivars contribute to 
susceptibility to wilting and pulp 
discoloration. 



Cross inoculation
Cavendish  3, 6, 9 mos

Moko strain

(Wilted Cavendish) Cardaba3, 6, 9 mos

Cavendish 3, 6 9 mos

Bugtokstrain

(Cardabafruit) Cardaba3, 6, 9 mos

Sterile distilled water as control
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Inoculated at 9 months after transplanting
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Age of Plant at 

Inoculation Strain

Days after 

inoculation to 

wilting

%

Wilting

1 WAT

Cavendish

moko 7-28 100

bugtok 7-35 87.5

Cardaba

moko 7-35 75

bugtok 7-35 75

3 MAT

Cavendish

moko 11-21 100

bugtok 9-15 100

Cardaba

moko 11-637 91.67

bugtok 11-637 100



Age of Plant at 

Inoculation Strain Days after 

inoculation to 

wilting

%

Wilting

6 MAT

Cavendish

moko 24-164 66.7

bugtok 24-80 100

Cardaba

moko 52-528 83.3

bugtok 24-332 75

9 MAT

Cavendish

moko 24-81 75

bugtok 24-81 75

Cardaba

moko 24-445 91.7

bugtok 24-277 91.7



TIME OF

INOCULATION

% SURVIVOR PLANTS

With fruits

% BUNCH 

With BUGTOK

% FINGERS 

DISCOLORED 

PER BUNCH

Cdb Cav Cdb Cav Cdb Cav

SeedlingStage 25.00 12.50 100.0 0 41.02 0

3 MonthsAT 4.17 0 100.0 - b 91.52 -

6 MonthsAT 20.83 16.7 100.0 66.67 72.82 40.56

9 MonthsAT 8.33 25 50.00 73.78 89.19 52.46

Percent survivor plants, bunch with bugtok symptom and average 

fingers discolored per bunch at harvest.a

a included data from seedling Inoculation
b no plant survived



Conclusions

ÅCavendish and Cardaba are susceptible to 
wilting when infected at seedling stage. 
Wilting observed about 14 days to 2mos 
after inoculation
ÅCardaba plants have the ability to recover 

from wilting in 3 and 6 mo old inoculated 
plants.
ÅBugtok strain was more aggressive than the 

moko strain when inoculated in 3, 6, and 
9mo old plants.  



Cross Inoculation via the 
inflorescence

1. What symptoms will develop?

2. Are the male and the female flowers 
accessible to inoculation?

Å Field experiment

Å Three reproductive stages/parts were 
cross-inoculated



Inoculation by 
injection during 
flower  
emergence

via female 
flowers

via male flowers 



Result:  No wilting of Cavendish 
or Cardabaplants

Fruit pulp discoloration were 
observed in all plants whether Moko 

or Bugtok strains were used to 
inoculate them.



FACTORS % FINGERS 

DISCOLORED

Cultivar

óCardabaô 31.58a

óCavendishô 26.63b

Isolate

Bugtok 48.01a

Moko 39.31b

Sterile Distilled Water (SDW) 0.00c

Inoculationat:

EmergingBud (Injection) 40.39a

FemaleFlowers(Spray) 27.33b

MaleFlowers(Spray) 19.61c

Inoculation at flowering stage



Isolatex InoculatedPart

Bugtokx EmergingBud 65.85a

Bugtokx FemaleFlowers 48.94b

Bugtokx MaleFlowers 29.24c

Moko x EmergingBud 55.31ab

Moko x FemaleFlowers 33.04c

Moko x MaleFlowers 29.58c

SDWx EmergingBud 0.00d

SDWx FemaleFlowers 0.00d

SDWx MaleFlowers 0.00d

Inoculation at flowering stage
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Cardaba fruits 

inoculated :

a. at flower shoot  

emergence

b.via female flowers

c. via male flowers

a c

b



Cavendish fruits 

inoculated :

a. at Flower shoot  

emergence

b.via female flowers

c. via male flowers

a c

b


