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Welcome remarks
Dr Ananta Dalodom
Director General
Department of Agriculture
Ministry of Agriculture and Cooperatives
Bangkok, Thailand

Dr Emile Frison, Director of INIBAP, Dr Agustin Molina, Regional Coordinator of
INIBAP-ASPNET, Prof Rony Swennen of the Catholic University of Leuven,
distinguished guests, country representatives, ladies and gentlemen.
First of all, on behalf of the Department of Agriculture, Ministry of Agriculture and
Cooperatives of Thailand, I take pleasure in extending a very warm welcome to all of the
participants from this region to the Committee meeting as well my appreciation to all of
you for recognizing the importance of banana and plantain in this region.
In Southeast Asia, particularly Thailand, banana1 has become a widely cultivated crop.
Due to its high adaptability to various ecological conditions and its various uses, banana
is grown throughout the country. Kluai Namwa (Pisang Awak) and Kluai Khai (Pisang
Mas) banana varieties that are popularly grown but one that is doing commercial
success in the global market is Kluai Hom Thong (Gros Michel). This variety has gained
wide acceptance in Japan. Some 120 000 hectares comprise the area cultivated for
banana using different cropping systems. Backyard cultivation is also very common in
Thailand.
At this point, I would like to acknowledge the outstanding accomplishment in Musa
germplasm collection and conservation as well as the successful implementation of the
International Musa Testing Programme under the MOU between the Department of
Agriculture and INIBAP in 1996. I look forward to the continued success of our
collective efforts to pursue the goals of the programme. Finally, I thank the Committee
for its initiative in convening this meeting of the authorities in banana and plantain to
develop fresh strategies to further advance efforts in programme implementation.
Once again, welcome to all of you and may you have a productive meeting. Thank you
very much.

1

Throughout the text, the term ‘banana’ is used to cover all varieties of banana and cooking bananas including plantains.
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Welcome address
Prof Sujin Jinahyon
President, Naresuan University
Phitsanuloke, Thailand

Director General Ananta Dalodom, Director Emile Frison, Dr Agustin Molina, ladies and
gentlemen, the President has an appointment today so he requested me to represent
him. In behalf of Thailand and the Naresuan University, I would like to welcome all of
you to this meeting.
All of us here today know the importance of banana, particularly of small-scale banana
production in tropical countries. For example, banana varieties are not solely consumed
as fresh fruit, but their shoots and pseudostems are used for cooking and processing,
while the leaves are utilized for traditional packaging and other products. Personally,
bananas is a regular part of my diet, a condition, I am sure, I share with many people.
Meanwhile, INIBAP has increased the productivity of banana especially of
smallholdings, which produce for domestic and export markets.
INIBAP has
strengthened networking and promotes collaboration at the international level. The role
of INIBAP is therefore important to the world. I believe that INIBAP will be successful
and its work recognized. I hope that all of you will encourage more collaborative efforts
in pursuing the goals of the Network. I wish you great success in this endeavor.
While Naresuan University in Phitsanuloke is the new comprehensive university, we are
pleased to play an important role in the international and national banana R&D
network. Please join me in celebrating another milestone as we begin the 10th Meeting of
the INIBAP-ASPNET Regional Advisory Committee.
Finally, I wish you a fruitful meeting. Thank you very much.

Read by: Kasem Chunkao, Naresuan University, Phitsanuloke, Thailand
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Opening remarks
Dr Chen Houbin
Chair, INIBAP-ASPNET RAC

Dear Director General, Professor Sujin Jinahyon, Dr Emile Frison, Ladies and
Gentlemen: Good morning!
th

We are very pleased to hold the 10 INIBAP-ASPNET RAC meeting in Bangkok,
th
rd
Thailand at the turn of the 20 Century. Earlier this week, the 3 Global Meeting of
PROMUSA was held in the Queen Sirikit National Convention Centre. During the
PROMUSA meeting, working groups summarized the accomplishments in the past few
years and set plans for the future. We are proud that some of our RAC members
actively joined in these activities which promoted global collaboration. Surely, banana
research and development work in Asia and Pacific Region will benefit from the
outcome of these activities.
In the past year, INIBAP-ASPNET has facilitated a lot of work in the region and for the
region. To name a few, INIBAP-ASPNET continued to support germplasm collection in
India, coordinated the nematology project in Vietnam, supported investigation of
banana leaf spot in south China, and so on. I believe that the outcome of these projects
will be of great significance to the region.
INIBAP is celebrating its 15th anniversary, while ASPNET has just entered its 10th year of
service. And through its existence, I must say that INIBAP has realized its four major
objectives. The first is to organize and coordinate the global research efforts. Through
the IMTP and PROMUSA, coordination of research efforts on regional and global scales
have been established. The second is to strengthen the national research and
development abilities. Since 1996, under the funding support of INIBAP, China has
collected and renewed their banana accessions. This work has attracted the attention of
the State, enabling the State to generate and fund two projects related to banana
germplasm in 1999 and 2000, namely “Tests of bananas (Cavendish) in distinctness,
uniformity and stability” and “Classification of banana germplasm with application of
RAPD method”. Another objective of INIBAP is to produce, collect and exchange
information related to banana and plantains. The MGIS and RISBAP have effectively
fulfilled this mandate. And finally, INIBAP aims to promote and strengthen
collaboration and partnerships at national, regional and global levels.
In the mean time, we all realize that it takes time to solve any problem in the banana
industry. As soon as one issue is overcome, another, more urgent problem crops up.
Therefore, we cannot expect to solve most of the problems in a short time, nor should we
let our guard down. This is one of the reasons why INIBAP should exist and continue
with its efforts.
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We should try to identify the key issues in the region during this RAC meeting, as well
as exert every effort to generate collaboration among regions, nations and institutions. I
believe that this is our best strategy in solving some of the most urgent and significant
issues affecting the banana and plantain industry within the foreseeable future.
On behalf of our RAC members, I extend my sincere thanks to the donors of INIBAPASPNET, to the experts present in this meeting, and, finally, to the host of this meeting,
Department of Agriculture and Naresuan University, Thailand.
I wish you all a fruitful and successful meeting! Thank you!
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Message from INIBAP
Dr Emile A Frison
Director, INIBAP

Distinguished guests of honor, dear colleagues. It is my pleasure, on behalf of INIBAP,
th
to welcome you to the 10 ASPNET meeting. As already mentioned by Dr Chen, not
th
only did we celebrate the 15 anniversary of INIBAP here in Thailand but we are also
th
celebrating the 10 ASPNET RAC meeting, which is another important anniversary.
Significant progress in research and development has taken place since the initiation of
the network and we have seen an evolution with the placing of the network under the
auspices of Asia-Pacific Association of Agricultural Research Institutions (APAARI),
following the MOU signed between APAARI and IPGRI a few years ago. I believe the
sense of ownership by the region for this network is a very important step forward.
Furthermore, Dr Dalodom's participation at the APAARI meeting earlier this week and
his presence here today, denotes a clear link between ASPNET and APAARI.
Collaboration between INIBAP and Thailand has existed for many years and, as
indicated by Dr Dalodom, one important aspect of this collaboration is the International
Musa Testing Programme (IMTP). Recent discussions aim to further strengthen this
collaboration in the future with Thailand's participation in Phase III of the IMTP.
INIBAP certainly looks forward to strengthening collaboration here in Thailand as well
as in all other member countries of the network.
I would like to draw your attention to a few specific topics on the agenda. First of all,
the Planning Session during which significant issues for future collaboration in the
region will be discussed. One issue of particular importance concerns the national
multiplication centres. As you are all aware, during the last few years, a great deal of
evaluation work was initiated through the introduction and testing of new varieties in
the region. With an increased demand by farmers, the need to set up a capacity at the
national level to distribute adopted varieties has become an important issue. Secondly,
we need to ensure the greatest possible involvement in IMTP for which a new phase has
just started. This region is very important for IMTP, not only because it is the centre of
origin of the crop but also because of the many pests for which crop resistance has to be
tested. ASPNET therefore has a very important role to play in the evaluation of new
varieties for resistance to these pests and diseases. Finally, I would refer to an issue,
which was discussed during the PROMUSA meeting, that is the development of an
international breeding programme in Asia. This is also something that deserves
particular attention from the RAC members. We need to start an international initiative
involving several institutions from the region and to make a concerted effort towards the
development of a strong breeding programme in Asia. This indeed, is something that is
lacking in the region. Breeding efforts have existed for several years, especially in India
where several varieties have been distributed. However, there is a great potential for
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collaboration within this network on improvement of diploid varieties and on
broadening the genetic base of resistance to pests and diseases.
It is also significant to see that several partners from outside the region have been
invited to give presentations on the state of the art on various aspects of banana
research. This is an excellent example of the facilitating role that INIBAP is playing by
linking national banana research programmes from within the region with advanced
research institutes from other parts of the world. Our guests from these advanced
research institutes are not only here to present their paper but are also involved in ongoing activities and interested in collaborating further with this region.
I would like to end by thanking our host, the Thai government and in particular the
Department of Agriculture and the Naresuan University, for organizing this meeting.
As I mentioned on the 15th anniversary dinner, it was a pleasure to celebrate the 15th
anniversary in a country which is in the heart of the centre of origin of banana and
which has contributed a great deal to banana research at the global level. I would like to
thank the Department of Agriculture for hosting this meeting and I look forward to very
fruitful discussions during the next two days.
Thank you.

9

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Technical Presentations

10

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

11

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Current issues and future directions
for Musa genetic improvement research
at the International Institute of Tropical Agriculture
Abdou Tenkouano1

Abstract
Plantains have long been a traditional staple food in many countries in West and Central
Africa (WCA). Similarly, the highland banana has been and still is a major food crop in
Eastern and Southern Africa (ESA). However, the black sigatoka leaf spot disease
epidemic, which reached ESA in the late 1970s and WCA in the early 1980s has reduced
the yields to less than half what they were before the arrival and spread of this disease.
In the late 1980s, the International Institute of Tropical Agriculture (IITA) launched a
genetic improvement initiative to redress the detrimental effects of black sigatoka. This
involved a recurrent interspecific backcrossing scheme coupled with genome and ploidy
manipulations aiming at gradually improving the existing landraces. This process was
enhanced by the use of biotechnology tools such as tissue culture and molecular markers
to overcome the inherent difficulties associated with low fertility, complex genomic
arrays in segregating progenies, and suboptimal expressivity of targeted traits.
Considerable progress has been achieved, opening prospects for decentralization of
breeding activities, yet many challenges lie ahead of the IITA Musa breeding
programme.
Introduction
Bananas (Musa spp.) are giant herbs that are cultivated in humid and subhumid regions
of the world where they serve as staple and cash crops for large fractions of the
populations. The bulk of cultivated bananas are triploid varieties belonging to the
Eumusa section of the genus Musa. These varieties evolved from intra- and inter-specific
crosses involving two diploid ancestor species, M. acuminata Colla (genome AA) and M.
balbisiana (genome BB), originating in Malaysia and India, respectively (Simmonds 1962).
In conjunction with chromosome restitution, this process gave rise to (i) autoploids and
homogenomic hybrids which are essentially AAA dessert and beer bananas, and (ii)
alloploids and heterogenomic hybrids comprising the plantains (AAB) and the cooking
bananas (ABB).

1

Crop Improvement Division, International Institute of Tropical Agriculture, P.M.B. 5320 Oyo Road, Ibadan, Nigeria.
Contribution no. IITA/01/CP/23 of the International Institute of Tropical Agriculture. International mailing address:
IITA c/o L.W. Lambourn & Co., Carolyn House, 26 Dingwall Road, Croydon CR9 3EE, England. E-mail:
IITAOnne@stratosmail.net
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Dessert bananas have gained notoriety on the international market scene and have
become subject to commercial disputes among major export companies, whereas, the
other types of bananas are virtually absent from international trade circuits and are
predominantly ethnic staple crops grown for local consumption. Dessert bananas may
be eaten raw because they are sweet and easy to digest when ripe unlike the other types
of bananas that are generally starchier and must be cooked or fermented before
consumption (Robinson 1996; Simmonds 1966).
Important threats to banana and plantain production in Africa include black sigatoka
disease (Mycosphaerella fijiensis Morelet), fusarium wilt (Fusarium oxysporum f. sp. cubense
(E.F. Smith) Snyder & Hansen), banana weevil (Cosmopolites sordidus Germar), and a
complex of plant parasitic nematodes [Pratylenchus goodeyi Sher & Allen, Helicotylenchus
multicinctus (Cobb) Golden, and Radopholus similis (Cobb) Thorne].
Black sigatoka is considered the most serious production constraint in most of the
important banana production areas of the world. This disease causes from 30% to 50%
yield reduction in plantain landraces in Africa and tropical America (Mobambo et al.
1993) and could wipe out commercial production of Cavendish dessert bananas if it
were not for the massive application of synthetic fungicides costing an estimated $200
million annually. Fusarium wilt can cause complete destruction of susceptible
plantations.
The combined effect of the weevil and nematodes causes destruction of the root system,
reducing anchorage and nutrient uptake, and plant toppling through wind damage,
resulting in yield losses exceeding 50% in some environments (Speijer and Fogain 1999).
Although the banana weevil causes damage to bananas throughout the tropics, it is
thought as a particular problem on highland cooking bananas and plantains important
to smallholder farmers in Africa.
Viruses (cucumber mosaic, banana streak and banana bunchy top) are also becoming a
serious production constraint in Africa, as well as being an impediment to germplasm
enhancement and movement. Banana streak virus (BSV) is a badnavirus with
worldwide distribution that may cause complete loss of individual plants. Perhaps the
greatest challenge to banana improvement posed by BSV is the presence of activatable
BSV sequences integrated in the banana genome.
Although chemical and cultural practices may be used to ameliorate many banana pest
and disease problems, most of these have been deemed inappropriate for smallholder
farmers. Therefore, the development of cultivars with high post-harvest processing
value and resistance and/or tolerance to these production constraints is the primary
focus of the banana improvement programme of the IITA. An integrated strategy,
drawing on host plant resistance, cultural and biological controls, is considered the most
appropriate approach in controlling these diseases and pests.
Being a perennial vegetatively propagated crop, banana farms may remain productive
for 30 years or more without any need for land preparation. Stable banana production
can thus greatly contribute to soil conservation and sustainable systems of agriculture.
Unfortunately, serious yield declines, attributable to soil fertility depletion and
increasing pest and disease problems, have been observed during the past two decades.
Rising population pressure on the land has led to shortened fallow periods, reducing
longevity of plantain and banana stands in parts of West and East Africa to 2–3 years.
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These trends underlie the urgency of research in this area, particularly that aimed at
developing appropriate and ecologically sustainable technology for resource, crop and
pest management in Musa farming systems. Accordingly, and in response to the
demands of African scientists and Governments, the IITA, set up a research initiative
aimed at improving the productivity of plantain and banana based cropping systems.
The purpose of this paper is to outline the key constraints facing breeders of plantains
and bananas and IITA’s research approach to address these constraints.
Breeding strategy
A remarkable diversity of plantains and bananas exists in sub-Saharan Africa. Each of
the different types is grown in a distinct sub-region. The plantains (Musa AAB) are
predominant in the humid lowlands of West and Central Africa, while the highland
cooking and beer bananas (Musa AAA) prevail in the Eastern African highlands (Great
Lakes Zone). West and Central Africa harbor the world's greatest variability of
plantains. Therefore, this region is considered a secondary centre of plantain
diversification. Similarly, Eastern Africa (Great Lakes Zone) is considered a secondary
centre of diversity for the highland bananas of the Musa AAA group. This secondary
diversification is the result of somatic mutations and human selection during the long
history of the crop's cultivation on the continent.
These cultivars are susceptible to black sigatoka, but they remain the most preferred
types. Therefore, any successful breeding programme should aim at gradually
incorporating resistance to M. fijiensis and other pests in the existing cultivars, rather
than aiming for genetic materials that are drastically different from the existing cultivars.
Hence, IITA’s programme is essentially based on a recurrent backcross-breeding
strategy coupled with ploidy and genome manipulations (Fig. 1).
Triploid – diploid crosses
The initial steps for genetic improvement of plantains or bananas traditionally involve
crossing these accessions to AA or BB diploid accessions that are disease-resistant. Most
of the widely grown clones are triploid with low female fertility or male and female
sterility. Meiosis in triploids can produce gametes with uneven chromosome numbers
resulting in high sterility (Table 1). Seed set per bunch in many clones is less than one
seed and germination in soil is usually less than 1%. Hence, breeders currently devolve
much of their resources for obtaining, rather than evaluating, progeny from crosses.
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IITA M u s a B r e e d in g S c h e m e s
M u s a x = 1 1 c h ro m o s o m e s
3 x la n d r a c e 2 x w ild b a n a n a
o r 2 x im p r o v e d

2 x im p r o v e d

3 x la n d r a c e o r
h y b r id s

re c u rre n t
p o ly p lo id
b r e e d in g

2 x w ild b a n a n a
g e n e tic s tu d ie s
in c lu d in g m a p p in g
and M AS

re c u rre n t
d ip lo id
b r e e d in g

Transgenes

X

2 x im p r o v e d

X

p ro g e n y
t e s t i n g fo r
SC A, G C A and
M AS

4 x h y b r id

X

N o te : c o n v e n tio n
t h a t fe m a l e i n
c r o s s a t le ft, b u t
a t IITA t h e
r e c ip r o c a l h a s
o fte n b e e n u s e d
to o v e rc o m e
fe r t i l i t y b a r r i e r s

2 x im p r o v e d

p ro g e n y
t e s t i n g fo r
SCA, G CA
and M AS

4x and 2x
w ith b e s t S C A
s e l e c t e d fo r
p o ly c r o s s

3 x h y b r id
q u a lity & r e s is ta n c e

p o ly c r o s s
b r e e d in g

N e w c u l t i v a r s o r i m p r o v e d h y b r i d s fo r m u l i t l o c a t i o n a l t e s t i n g

Figure 1. Breeding strategy for the genetic improvement of plantain and banana. The diagram
outlines three phases of the improvement process (i) recurrent diploid breeding, (ii)
recurrent polyploid breeding, and (iii) polycross breeding. The diagram also shows
where different types of genetic studies and interventions fit into the scheme. Marker
assisted selection (MAS) is used in both diploid and polyploid breeding and will likely
be used in the identification of quantitative trait loci (QTL) associated with general and
specific combining ability (GCA and SCA, respectively). Transgenes will most often be
added to clones ready for cultivar release but deficient in one or a few important traits,
but will also be used to introduce new variation for breeding.
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Table 1. Gametic and genomic arrays arising from chromosome segregation in triploid x diploid
crosses.
(A) AAB x AA crosses
Chromosome
segregation in
triploid parent
(AAB)
Normal segregation

A
A
AB
AB

Abnormal segregation

O
B
AA
AAB

Chromosome segregation in diploid parent (AA)
-------------------------------------------------------------------------------------------Normal segregation
Abnormal segregation
-----------------------------------------------------------------------------------A
A
O
AA
AA
AA
AAB
AAB

AA
AA
AAB
AAB

OA
OA
OAB
OAB

AAA
AAA
AAAB
AAAB

AO
AB
AAA
AAAB

AO
AB
AAA
AAAB

OO
OB
OAA
OAAB

AAO
AAB
AAAA
AAAAB

(B) ABB x AA crosses
Chromosome
segregation in
triploid parent
(ABB)
Normal segregation

B
B
AB
AB

Chromosome segregation in diploid parent (AA)
-------------------------------------------------------------------------------------------Normal segregation
Abnormal segregation
------------------------------------------------------------------------------------A
A
O
AA
AB
AB
AAB
AAB

AB
AB
AAB
AAB

OB
OB
OAB
OAB

AAB
AAB
AAAB
AAAB

AO
AA
ABB
AABB

AO
AA
ABB
AABB

OO
OA
OBB
OABB

AAO
AAA
AABB
AAABB

Abnormal segregation

O
A
BB
ABB

Note: The most useful euploid products from such crosses are diploids (AA or AB) and tetraploids (AAAB or AABB).
Similar arrays can be obtained in AAB x BB or ABB x BB crosses, but such crosses are less frequently made. For example,
IITA has produced only one tetraploid hybrid (BITA2 syn. TMBx1378) by crossing an ABB accession (Fougamou syn.
Pisang Awak) with a diploid M. balbisiana accession.

To overcome this problem and increase the number of progenies that can be recovered
from 3x-2x crosses, embryo rescue techniques were adjoined to the breeding
programme, and the number of progeny per pollination was multiplied from 3 to 10
times. Tissue culture therefore plays a pivotal role in Musa breeding. However, efforts
are underway to improve pollinating procedures and methods of seed handling,
including in vivo hybrid seed germination.
The 3x-2x breeding scheme produces hybrids with varying ploidy levels and the most
interesting selections have been (i) tetraploid hybrids that are high-yielding and resistant
to black sigatoka, and (ii) diploid hybrids that have low yield potential but are resistant
to black sigatoka. To date, more than 400 hybrids from 3x-2x crosses have been
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evaluated by IITA scientists and the most promising ones registered for public use
(Vuylsteke et al. 1993a, b; Vuylsteke & Ortiz 1995). The tetraploid hybrids have been
despatched to more than 30 countries, predominantly in Africa and Latin America,
mainly through the international transit centre (ITC) of INIBAP (Rony Swennen
personal communication).
Tetraploid – diploid crosses
The tetraploid hybrids are both female and male fertile and this often reduces fruit
quality due to the presence of seeds in the pulp. However, this characteristic of the
tetraploid hybrids facilitates the production of large number of seeds when they are
crossed with other accessions. To restore seedlessness, crosses are made between the
primary 4x and 2x hybrids to produce secondary 3x hybrids. Choice of crosses to make
should take into account parental diversity and intrafamily variation to capitalize on
heterosis and allow pyramiding of resistance genes from different diploid progenitors. It
should be mentioned that 4x-2x crossing results in a vast array of gametes and genome
associations, among which the most useful ones are triploids and diploids (Table 2).
However, unlike the 3x-2x scheme, it is expected that most gametes from 4x and 2x
accessions will be balanced in terms of chromosome numbers, resulting in more viable
zygotes.
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Table 2. Gametic and genomic arrays arising from chromosome segregation in tetraploid x
diploid crosses. Such crosses are made to produce secondary triploid hybrids.
(A) Gametic arrays in parents
Tetraploids
Diploids
-----------------------------------------------------------------------------------------------------------------------------------------------(AAB x AA)
(ABB x AA)
(AAB x AA or ABB x AA)
AAAB
0
A
B
AA
AB
AAA
AAB

AABB
0
A
B
AA
AB
BB
AAB

AAAB

ABB

AA
0
A
AA
AB

or

AB
0
A
B
AB

AABB
(B) Genomic array in euploid progeny
Ploidy level

Genome composition

Diploids
Triploids
Tetraploids
Pentaploids
Hexaploids

AA, AB, BB
AAA, AAB, ABB, BBB
AAAA, AAAB, AABB, ABBB
AAAAA, AAAAB, AAABB, AABBB
AAAAAB, AAAABB, AAABBB

Note: Higher ploidy levels can be observed when double restitution occurs in one or both parents. The most useful
combinations are triploid AAA, AAB, and ABB. Although theoretically possible, the BBB type has never been observed at
IITA.

The 4x-2x breeding approach has been successfully used for genetic improvement of
potato (Mok & Peloquin 1975). In Musa research, a most important but often overlooked
feature of 4x – 2x breeding is that it allows bridge-crossing of the triploid plantain
genotypes that cannot be directly intermated due to male sterility (Fig. 2). Bridgecrossing allows for gradual accumulation of plantain alleles, particularly for postharvest characteristics, in a triploid background.
The availability of large segregating populations has enabled IITA scientists to
undertake genetic analyses aimed at understanding the inheritance of traits in Musa.
Complex inheritances was reported for most growth and yield characteristics of Musa
(Ortiz & Vuylsteke 1996) and were attributed to the irregular meiotic behaviour of the
species and to unpredictable variation in genome size and structure both across and
within generations. Therefore, parental performance may not accurately predict progeny
performance for these traits. Thus, further genetic improvement will require control of
selection over prospective male and female parents through progeny testing to
determine genetic parameters and assign accessions to compatible heterotic groups.
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O b i n o l 'e w a i
(A A B )

Bobby Tannap
(A A B )

P is a n g L ilin
(A A )

C a lc u tta 4
(A A )

2 8 2 9 -6 2
(2 x )

1 6 5 8 -4
(4 x )

2 3 6 8 8 -2
(3 x )

Figure 2. Genetic bridge via 4x-2x crossing between AAB plantain landraces, Obino l’ewai (OL)
and Bobby Tannap (BT), that cannot be crossed directly to each other due to their high
levels of male sterility. The scheme also allows for pyramiding of resistance genes from
different sources (Musa acuminata subsp. burmannicoides Calcutta 4 and M.a. subsp.
malaccensis Pisang Lilin) and gradual accumulation of plantain genes from different
background, which significantly improves fruit quality. Note that the fruit
characteristics of the 3x hybrid are similar to those of Agbagba (AG), the preferred
landrace in Nigeria.

To overcome this, a genetic model for estimation of progeny performance based on the
performance of the parents, their inbreeding status and relatedness to each other and
their contributions to their progeny was recently proposed (Tenkouano et al. 1999).
Similarly, the analysis of combining ability in 4x-2x crosses revealed that some traits
were primarily inherited from the male (2x) or female (4x) parents, a finding of practical
importance for parental selection in 4x-2x cross-breeding (Tenkouano et al. 1998a, b). For
example, breeding for increased bunch weight and reduced time interval between
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flowering and harvest should aim at accumulating favorable alleles for these traits in a
diploid male background through recurrent selection prior to cross-breeding with a
tetraploid female. In contrast, plant height, number of leaves, and suckering behaviour
may be improved by first selecting for these traits in a tetraploid background before
cross-breeding with diploid males.
Recurrent diploid breeding
Inheritance studies in 3x-2x or 4x-2x cross-breeding suggest that most traits of economic
importance are more predictably inherited from the diploid parents than from parents
with a higher ploidy status (Tenkouano et al. 1998b and 1999). Furthermore, genetic
analysis is easier in a diploid background due to disomic inheritance, which facilitates
and accelerates breeding. This, in retrospect, provided a justification for past and current
investment in the development of diploid breeding stocks as pursued by major
programmes worldwide (Ortiz & Vuylsteke 1996).
Over the past few years, 14 plantain-derived diploid hybrids (TMP2x [Tropical Musa
plantain-derived diploid] series) with black sigatoka resistance have been registered in
the public domain (Vuylsteke & Ortiz 1995) and are used in plantain improvement.
Thereafter, recent efforts have been devoted to the production of banana diploids
(TMB2x [Tropical Musa banana-derived diploid] series), several of which are in the
process of being registered.
Early nursery evaluation
Typically, several thousands of progenies from crosses undergo two cycles of early
evaluation in the field. Most of the progenies are rejected for reasons such as
unacceptable yield and bunch characteristics, non-parthenocarpic fruits and undesirable
growth habit. Only approximately 1% of the progenies are selected for clonal stability
evaluation through 2-3 cycles of preliminary yield trials and an even smaller number of
selections undergo 2-3 cycles of multilocational yield trials to assess their adaptation
patterns and identify those hybrids that can be recommended for distribution to
interested partners for evaluation under their own conditions. This process is timeconsuming and costly in terms of land area required for evaluation. Hence, we have
been looking at means of reducing the numbers of hybrids entering field trials.
Because the genotypic array of segregating progeny populations can vary widely, both
in terms of genome composition and ploidy status, it is important to sort out the ploidy
and genomes of selected plants to allow for evaluation of these plants as dessert
bananas, plantains or cooking bananas. Early detection of the desirable genome
combinations can significantly improve breeding efficiency and save field evaluation
costs. Therefore, we have adopted a fast method for ploidy determination based on the
use of flow cytometry (Pillay et al. 2001). This method is precise, non-destructive,
requiring small amount of fresh leaf tissue and it analyses large populations of cells in
one sample making it easier to detect mixoploidy. One of the basic requirements for flow
cytometry is a sample of fresh plant material to obtain intact nuclei. In some instances,
multiple samples of plant tissue from different parts of a plant are required to check for
the presence of mixoploidy. For this reason, flow cytometry and other cytological
analyses of large Musa breeding populations can be done best at the site of breeding.
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Also, RAPD markers that are specific for the A and B genomes have been identified
(Pillay et al. 2000). Unlike previous methods of ascribing genome composition
(Simmonds 1966), these molecular markers have the advantage of (i) not relying on
scoring of morphological traits, (ii) providing an objective way for genome classification
in Musa, and (iii) can be used at any developmental stage of the plant.
In effect, the Musa breeder can now screen for genome profile at the nursery stage and
requires considerably less land space and labour associated with field maintenance of
the plants, in addition to resulting in significant time savings.
Future directions
Unreduced gametes and sexual polyploidization
Following the realization that many diploid accessions produce unreduced (2n) gametes
at a relatively high frequency (Ortiz 1997), a new breeding scheme based on the
exploitation of unilateral sexual polyploidization (USP) to produce triploid plantain and
banana hybrids from diploid x diploid crosses was initiated. A major advantage of this
approach is that genetic analyses will be essentially carried out at the diploid level,
eliminating the complexities of inheritance studies involving ploidy polymorphisms
within and across generations. This approach could revolutionize Musa breeding,
particularly if USP-derived triploid hybrids prove to be agronomically superior to
diploid hybrids derived from the same crosses.
Polycross and decentralization of breeding
Crosses between primary tetraploid and diploid hybrids produce large amounts of
secondary triploid hybrid seeds, particularly under natural open pollination regimes
(Ortiz & Crouch 1997). A large fraction of the seeds obtained are normal botanical seeds
that can be germinated directly in the soil, thereby reducing the need for in vitro
germination of seedlings and allowing for field testing of large numbers of segregants.
Research at IITA has resulted in the development of enhanced protocols for ex-vitro seed
germination, boosting germination rates to 20-30% from the initial average of 1%. Large
segregating populations can now be produced at relatively low cost and without
resorting to any sophisticated laboratory technique. Breeders can now shift their efforts
from producing progenies to evaluating them.
These developments offer the unique potential to set up evaluation and selection trials in
the areas of intended variety release, away from the traditional breeding stations, i.e. to
decentralize Musa breeding. Thus, local farmers and national programmes can be
involved in the testing and selection of the improved hybrids in their location. This is
because (a) cost of producing segregating progenies is much reduced since plantlets may
be obtained by direct seed germination in the field, (b) seeds can be shipped in
conventional low volume seed packets, further reducing shipping costs, and handled
without any particular sophistication and (c) shipping and post-entry plant quarantine
operations are not likely to seriously delay the delivery or deteriorate the quality of
botanical seeds thereby enhancing hybrid recovery rates. Based on these premises, IITA
initiated in 1996 a scheme aimed at assisting interested NARS to develop in-country
breeding capacity, especially for the production of synthetic hybrid seeds under natural

21

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

pollination in isolated plots containing tetraploid and diploid hybrids with good
combining ability.
The term ‘polycross’ is used to designate the pollination system based on natural
random inter-mating of diverse genotypes grown together in isolated blocks. The
polycross consists of a systematic arrangement of several improved seed and pollen
parents, and this provides a mechanism for simultaneous introgression of desirable
genes into breeding populations. The resulting progenies constitute genetically diverse
synthetic hybrid populations, predominantly triploid when the seed parents are
tetraploid (4x) and the pollen parents are diploid (2x). Burton (1981) and Jauhar (1979)
have reported the use of this approach to efficiently enhance intermating between 4x
and 2x accessions and synthesize triploids in Pensacola bahiagrass and Meadow fescue.
Recent research at IITA led to a better understanding of factors that enhance the
efficiency of the polycross. These factors include seed set (female and male floral
synchrony), competition between contributing male parents, optimum time of extracting
seeds for ex-vitro germination (Wilson 2001). Therefore, we are now in a better position
to transfer this relatively inexpensive breeding package to NARS in Africa. This transfer
is planned in three phases.
Phase 1 started in 1996 with two pilot polycross fields established at Onne, Nigeria. New
polycross fields will be established at other IITA breeding stations in Uganda and
Cameroon. Emphasis will be on assessing (a) efficiency of alternative planting
arrangements for seed production and (b) effect of environmental factors on seed set and
quality.
Phase 2 will start as soon as seeds are obtained from the polycross fields. IITA will
provide the seeds to collaborating NARS along with seed germination protocols for field
establishment, evaluation and selection under their own local production systems and
consumption preferences.
Subsequently (Phase 3), polycross designs would be implemented by NARS themselves,
allowing them to also benefit from the advantages of environmentally-induced gametic
selection during meiosis and subsequent events of fertilization and zygote development.
At this stage, IITA will concentrate on developing parental 4x and 2x genotypes with
good general and specific combining ability.
Marker-assisted selection
DNA markers are also being sought for several characters of importance, including
parthenocarpy, apical dominance, and resistance to black sigatoka, nematodes, and
other pests and diseases. Fruit quality (color, texture, ripening) are other candidate traits
for DNA markers. Most of these traits are expressed only late in the life cycle of the
plants or are difficult to screen for. Identification of markers linked to loci governing
important traits will facilitate gene intogression and other marker assisted selection
(MAS) applications. Similarly DNA markers will help to assess genetic stability
(somaclonal variation), genetic relationships, including parental contributions to their
offspring thereby facilitating parental selection for crosses.
Accessing genes from various genomes, including the S (M. schizocarpa) and T (M.
textilis) genomes, will increasingly become important to Musa breeding. Comparative
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genome analysis using conventional and advanced cytogenetics tools will be needed. In
this regard, IITA has a balanced combination of the skills and tools required to
undertake comparative genome analysis in Musa.
Genetic engineering
The recalcitrance of banana to genetic improvement makes biotechnological approaches
especially attractive. In addition to improving fertility, problems of fertility can be
bypassed by using genetic transformation techniques, including electroporation, particle
bombardment, and co-cultivation with Agrobacterium. IITA is currently involved in
efforts aimed at engineering resistance to nematodes and to the most serious viral
diseases such as BSV.
Conventional breeding of Musa is faced with difficulties, but it must be understood that
currently available transformation methods will not solve all these difficulties. The
scarcity of useful genes, factors that affect transgene expression, interactions between
transgenes and those already present in the plant and the quantitative nature of some
traits must be considered before accepting that genetic transformation is the obvious
choice for Musa improvement. The aim should be to insert useful genes into an elite
background for further conventional breeding.
Conclusion
Ploidy manipulations and interspecific crosses have allowed considerable genetic
progress in Musa breeding but much remains to be done in identification of parental
combinations that are likely to produce progenies with both high mean and genetic
variability. Hence, the analysis of combining ability to establish heterotic pools will
become a cornerstone of the breeding process. Early detection of the desirable genome
and ploidy combinations will continue to be valued as a means of reducing the cost of
lengthy field evaluations. Similarly, the use of DNA markers to assist in the selection of
traits whose expression is delayed or subject to strong environmental effects will
increase. These developments will support an efficient breeding scheme based on
genome substitution within and across ploidy groups while accessing rare alleles
through conventional crosses or genetic transformation.
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Recent developments in Musa nematology research:
Establishment of aseptic culture systems of Radopholus similis
for in vitro host-pathogen studies
Dirk De Waele & Annemie Elsen1
Among nematodes parasitizing bananas throughout the world, Radopholus similis (Cobb)
Thorne, the burrowing nematode, is one of the most damaging (Sarah et al. 1996),
causing severe yield losses in commercial and in local consumption cultivars (Davide
1996). Chemical control is currently the most-used method to manage the nematodes
although nematicides are dangerous, toxic and expensive. Therefore, nematode control
through genetic improvement of banana is widely encouraged.
Many Musa cultivars have been screened to find resistance against these root pathogens.
Screening research is time consuming because it must be carried out both under field
and greenhouse conditions. In vitro screening could facilitate and hasten incorporation
of genetic nematode control into bananas. However a useful in vitro screening method
requires aseptic nematode cultures.
In addition to screening, of existing Musa germplasm and improved hybrids from the
breeding programmes, in vitro screening method would aid in evaluation of antinematode proteins for their effectiveness against the burrowing nematode. Arabidopsis
thaliana Lineaus is used as a model system for genetic studies. The anti-nematode
proteins are easily expressed in transgenic lines. Sijmons et al. (1991) reported that A.
thaliana was a good host for migratory endoparasitic and sedentary nematodes.
Therefore, A. thaliana was suggested as a new model system for plant-parasitic
nematodes.
The most commonly used in vitro technique for culturing R. similis is carrot discs
(O’Bannon & Taylor 1968). Although reproduction is very high, this culturing technique
makes in vitro studies difficult because the nematodes are easily contaminated. At K.U.
Leuven, a study was initiated with the objective to establish an aseptic culture system for
R. similis and to determine whether R. similis can infect and reproduce on in vitro banana
plantlets and in vitro A. thaliana.
Evaluation of alfalfa callus compared to carrot discs as tissue to culture R. similis
Radopholus similis reproduced well on both alfalfa callus and carrot disc, with a 137 and
379-fold increase of the initial population, respectively (Table 1). Carrot disc was a
significantly (P < 0.05) better host tissue than alfalfa callus. The R. similis population
cultured on alfalfa callus tested negative for bacterial and fungal contamination on PDA
and NA.

1

Laboratory of Tropical Crop Improvement, Catholic University of Leuven (K.U.Leuven), Kasteelpark Arenberg 13, 3001
Heverlee, Belgium
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Table 1. Reproduction of Radopholus similis on alfalfa callus and carrot disc 5 weeks after
inoculation with 25 females, incubated at 28 + 0.5 °C in the dark.
Tissue

R rb

Total final population

Alfalfa callus

3 433 aa

137 a

Carrot disc

10 893 b

379 b

a

Data are means of 10 replicates. Means in the same column followed by the same letter are not different (P
< 0.05) according to the Tukey-test. Data were log (x + 1) transformed prior to statistical analysis.
b
R r = Reproduction ratio.

Reproduction of R. similis on alfalfa callus as function of time
The number of nematodes extracted from the alfalfa callus and the modified White’s
medium increased over time (Table 2). Within 6 weeks, the life cycle was completed as
indicated by the recovery of 220 females per petri dish and the presence of males. At that
time the reproduction ratio was 26.3. The population continued increasing 119.2 and
223.3-fold 9 and 12 weeks after inoculation, respectively, which indicates that alfalfa
callus cultured on White’s medium is a good host for R. similis. The proportion of
females and males to all vermiform stages, counted in the callus and the medium was
33% and 2% at 6 weeks, 38% and 8% at 9 weeks and 42% and 7% at 12 weeks after
inoculation, respectively. All vermiform developmental stages were extracted from the
callus and the medium. Toward the end of the experiment more nematodes were
moving into the medium, and many nematode clusters were observed on the modified
White’s medium. The percentage of nematodes recovered from the medium, compared
to the total population counted in the petri dishes, increased from 15% at 6 weeks after
inoculation to 68% at 12 weeks after inoculation.
Table 2. Reproduction of Radopholus similis on alfalfa callus 6, 9 and 12 weeks after inoculation
with 25 females, incubated at 28 + 0.5 °C in the dark.
Time
(weeks)

a
b
c

Nematodes in callus
Juvenile

Female

Nematodes in medium

Male

Total

Juvenile

Female

Male

Total

Pf

a

Rr

b

6

383

160

13

556

38

60

3

101

657 a

c

26.3 a

9

1246

654

123

2023

363

491

104

958

2981 b

119.2b

12

908

746

143

1797

1971

1591

223

3784

5581 c

223.2 c

P f = Final population including juveniles, females and males extracted from callus and medium.
R r = Reproduction ratio = P f/P i = Final population/Initial population.
Data are means of 8 replicates. Means in the same column followed by the same letter are not different (P< 0.05)
according to the Tukey-test. Data were log(x+1) transformed prior to statistical analysis.

Test for pathogenicity
The R. similis population cultured on alfalfa callus proved to be as pathogenic as the
population cultured on carrot discs. No significant differences were observed between
the two populations concerning damage or reproduction (Table 3).
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Table 3. Test for pathogenicity of Radopholus similis cultured on alfalfa callus and carrot
disc, on Grande Naine in the greenhouse.
Root
weight
(g)
G. Naine inoculated with R. similis
cultured on alfalfa callus
G. Naine inoculated with R. similis
cultured on carrot disc

R.s. per
gram fresh
rootb

Root
necrosis
(%)

R.s. in total
root
systemb

113 aa

15 a

10 929 a

90 a

129 a

9a

5 726 a

55 a

a

Data are means of 8 replicates. Means in the same column followed by the same letter are not different (P <
0.05) according to the Tukey-test.
b
Data were log(x+1) transformed prior to statistical analysis.

Reproduction of R. similis, extracted from alfalfa callus, on the Musa cultivar Grande
Naine (AAA) grown in vitro
The in vitro Grande Naine plantlets were a good host for R. similis: the nematode
population increased 126-fold in eight weeks, reaching on average 6282 juveniles,
females and males (Table 4). The nematodes were able to penetrate and reproduce in the
roots, since 81% of the total population was recovered from the root system. All
vermiform developmental stages (juveniles, females and males) were extracted from the
roots as well as from the medium. The proportion of females and males counted in the
roots and the medium was 4% and 3% in the roots and 12% and 4% in the medium,
respectively.
Table 4. Reproduction of Radopholus similis (Ugandan isolate) on in vitro plants of Grande Naine
(Musa AAA) and Arabidopsis thaliana 8 and 10 weeks, respectively, after inoculation with
50 and 60 females, respectively, incubated at 28 + 0.5 °C (16-8 hours light regime).
Host
Grande Naine
nematodes in roots
nematodes in medium
A. thaliana

Juvenile

Female

Male

Total

4798

187

128

5113

975

146

48

1169

441

367

167

975

P fa

R rb

6282

125.6

975

16.3

a

P f = Final population including juveniles, females and males extracted from callus and medium.
b
R r = Reproduction ratio = P f/P i = Final population/Initial population.
All data are means of 8 replicates.

Reproduction of R. similis, extracted from alfalfa callus, on A. thaliana grown in vitro
Radopholus similis could successfully penetrate and develop in A. thaliana under
monoxenic conditions. Ten weeks after inoculation, the population reached 975
individuals (Table 4). The recovery of 367 females and the presence of males indicated
that the life cycle was completed. All vermiform developmental stages were observed in
the medium prior to extraction. Lesions on A. thaliana were observed as localized
yellowing of the cortex tissue.
The reproduction of R. similis on in vitro Grande Naine plantlets was successful. The
reproduction ratio reached 126 in vitro eight weeks after inoculation, and necrotic lesions

27

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

were visible on the root system. According to Mateille (1990), in vitro systems are
unsuitable for screening banana cultivars for resistance to R. similis because the in vitro
plantlets are too sensitive to reveal variations in resistance. In our opinion, in vitro
plantlets could be used for screening, but a reproducible method has to be developed
using a highly susceptible cultivar like Grande Naine. Preliminary results indicated that
resistance to R. similis could be identified in plantlets growing in rooting medium under
in vitro conditions (INIBAP 1998). In the past, Grande Naine was used in greenhouse
screening experiments as a susceptible reference cultivar (Stoffelen et al. 1999). If the
nematode population is allowed to build up to high levels and the food source (i.e. the
root system) is limited, the nematodes will be detrimental to the plant. However, if the
food source is not limiting (shorter period prior to analysis and jars instead of test tubes,
allowing more extensive root growth), variations in resistance may be revealed using in
vitro banana plantlets.
The in vitro evaluation system of R. similis on A. thaliana was further optimized. Two
important modifications were made to the in vitro evaluation system: (i) after transfer
from germination medium to Knop medium, a 10-day period allowed the plants to
develop a branched root system, and (ii) after the inoculation, the petri dishes were
incubated at 28 °C. This temperature is more optimal for reproduction of R. similis
(Fallas and Sarah 1995) and does not restrict further growth of the A. thaliana plantlets.
In conclusion, in vitro alfalfa callus is an aseptic culturing system, which supplies
sufficient sterile R. similis on a continuous basis. The nematodes cultured on the callus
can infect and reproduce in in vitro banana plantlets and in vitro A. thaliana. Callus
culture does not affect pathogenicity as compared to a R. similis population cultured on
carrot disc. This opens new perspectives for rapid in vitro screening and rapid testing of
interesting anti-nematode proteins expressed in transgenic lines of A. thaliana.
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Biology and integrated pest management of banana weevil,
Cosmopolites sordidus (Germar)
Clifford S. Gold1

The banana weevil, Cosmopolites sordidus (Germar), is an important pest of banana,
plantain and ensete. Weevil attack can prevent crop establishment (Price 1994), cause
significant yield reductions in ratoon crops (Rukazambuga et al. 1998) and contribute to
shortened plantation life (Gold et al. 1999a). The weevil has been implicated as a primary
factor in the decline and disappearance of highland cooking banana (Musa spp., genome
group AAA-EA) from its traditional growing areas in central Uganda (Gold et al. 1999a)
and western Tanzania (Mbwana and Rukazambuga 1999).
Adult banana weevils are free living (not confined to the banana plant), but most often
found at the base of banana mats or associated with crop residues. In a survey of 50
farms in Ntungamo district, Uganda, adult densities ranged from 1600-149 000/ha
(median population of 9300/ha or 15/mat) (Gold et al. 1997). The sex ratio was 1:1.
Adults generally have one-year life span but may live up to four years. Although adults
move freely within banana stands, few disperse more than 50 m in three months (Gold et
al. 1999b). They rarely fly. Widespread infestation is caused primarily by movement of
planting materials containing the pest in its immature stage and, occasionally, adult
stages.
The weevils place their eggs in the rhizome or leaf sheaths at the base of the banana
plant. Females may lay > 10 eggs/week; but most studies suggest oviposition rates at
one egg/week under field conditions. After hatching, the larvae tunnel into the rhizome
where they feed. In flowered plants, the larvae may attack the true stem and,
occasionally, the pseudostem. Pupation is within the host plant. Development time is
temperature dependent. Under tropical conditions, the egg stage lasts for 1 week, the
larval stage, 4-6 weeks and the pupal stage, 1 week.
Tunneling by banana weevil larvae weakens the plant and may even cause death of
suckers, as well as snapping, toppling, deterioration of the root system, reduced nutrient
uptake, smaller bunches, diminished vigour of followers and mat die-out. Many plants
may fail to establish if planting is done in a previously infested field. In a trial on
highland banana in Uganda, Rukazambuga et al. (1998) findings showed that damage
increased with crop cycle resulting in associated yield loss rising from 5% in the plant
crop to 44% in the third ratoon. Gold et al. (unpubl. data) found >33% mat loss in weevilinfested plots six years after planting, compared to 5% in controlled conditions.
Sengooba (1986) observed 100% loss during weevil outbreaks on farms in Masaka and
Rakai districts, Uganda.
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The banana weevil evolved in southeast Asia, coincident with the area of origin of
bananas. From there it has spread throughout the world, presumably through the
movement of infested planting materials. The weevil is not considered much of a pest in
Asia, although it may be locally viewed as a serious threat (Waterhouse 1993). This
suggests that co-evolved natural enemies of weevil may maintain it at sub-economic
levels.
This paper provides an overview of research results obtained in Uganda by IITA and the
Ugandan National Banana Research Programme (NARO).
Sampling methods
Trapping has been used to monitor weevil numbers. Although trap catches have been
used as action thresholds for pesticide applications, capture levels may be influenced by
trap quality and weather, rendering interpretation difficult (Vilardebo 1973). Therefore,
damage indices on recently harvested plants are most often used to determine weevil
pest status. Scoring methods to assess damage on the rhizome surface were proposed by
Vilardebo (1973) and Mitchell (1978) and are widely used. However, larval feeding in
the rhizome interior may be more destructive to the plant than damage on the rhizome
surface (Rukazambuga et al. 1998). Moreover, surface damage may be poor indicator of
internal damage (Ogenga-Latigo and Bakyalire 1993). Therefore, IITA and NARO have
developed a sampling scheme by which damage to the central cylinder and cortex is
estimated in cross section cuts (see Gold et al. 1994a for details).
Integrated pest management
At present, no single management strategy appears likely to provide complete control of
banana weevil. Therefore, a broad integrated pest management strategy might provide
the best chance for success in controlling this pest. The components of such a
programme would include host plant resistance, cultural control and biological control
(including microbial control).
Host plant resistance
All plantains and highland banana clones appear highly susceptible to banana weevil
(Gold et al. 1994b, Ortiz et al. 1995, Kiggundu et al. 1999, Kiggundu 2000). Surveys and
screening trials suggest that at least some clones in other genome groups are resistant or
partially resistant to banana weevil (Pavis et al. 1997, Kiggundu et al. 1999, Kiggundu
2000). Some of these might serve as parents in breeding programmes for weevil
resistance. It is likely that many of the Musa cultivars grown in Asia are resistant or
partially resistant to banana weevil. Conventional breeding for pest resistance in banana
is a long-term strategy; resistant clones may not satisfy consumer tastes. Therefore, there
is increasing interest in breeding for banana weevil resistance by using biotechnology
techniques. This would allow incorporation of resistant genes without changing other
desirable properties in highland bananas and plantains.
Cultural control
The use of clean planting material can reduce initial banana weevil infestation and
retard pest build-up for several crop cycles. The benefits of clean planting material are
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reduced when bananas are planted in proximity to infested fields that provide a source
of weevils. Tissue culture is widely used in commercial banana plantations in Latin
America, Asia and Africa for pest and disease control, but this method is beyond the
reach of most small-scale farmers in much of Africa. Paring of the leaf sheaths and outer
surface of the rhizome removes most weevil eggs and first instar larvae (Gold et al.
1998). Hot-water treatment, widely promoted for nematode control, has only limited
benefit as compared to paring for banana weevil (Gold et al. 1998).
Trapping has also been recommended for control of banana weevil. In Uganda, after one
year of pseudostem trapping, weevil populations declined by 61% in researchermanaged fields (1 trap/mat/month), 43% in farmer-managed fields (0.3-0.6
traps/mat/month) and 23% in controls (Gold and Okech unpubl. data). Results within
treatments were highly variable and there were no significant treatment effects.
Participating farmers concluded that intensive trapping could work, but labour and
material requirements exceeded their resources.
Crop sanitation has also been widely recommended as a means of controlling weevils. It
has been proposed that crop residues serve as a refuge and breeding ground for adult
weevils, resulting in higher populations and increased damage. It is also possible that
the residues serve as trap crops, attracting gravid females away from standing plants.
IITA and NARO are currently studying the effects of different types of crop sanitation
on weevil populations and damage.
Biological control with arthropod natural enemies
Banana weevil is an exotic pest in Africa and Latin America, suggesting that classical
biological control may be possible. Early searches for natural enemies in the insect's area
of origin in southeast Asia uncovered several opportunistic predators. Of these the most
important appeared to be the histerid beetle Plaesius javanus Erichson whose larvae and
adults both attack banana weevil immatures. Between 1913 and 1959, 45 attempts were
made to introduce eight natural enemies from Asia to other banana growing regions. In
most cases, these natural enemies failed either to establish or to provide adequate
control (Waterhouse and Norris 1987). More recent searches in Indonesia provided
evidence that suggests the existence of banana weevil egg and larval parasitoids (Abera,
Hasyim and Gold unpubl. data). Parasitoids tend to be host-specific and have excellent
searching capacity for locating their hosts, making them more effective biological control
agents than predators. Therefore, further exploration for parasitoids is warranted in
Indonesia, southern India (the area of origin of plantains) and elsewhere in Asia. These
natural enemies can then be introduced into Africa and Latin America, as well as
disseminated into weevil hot spots within Asia.
In Kenya, endemic natural enemies of banana weevil (histerids, hydrophilids,
staphylinids and earwigs) appear to offer limited promise (Koppenhofer et al. 1992). By
contrast, myrmicine ants has been used in Cuba to control banana weevil with positive
results (Castineiras and Ponce 1991). Myrmicine ants are widespread in East Africa
banana systems. Their control potential in highland banana systems is currently under
study by IITA and NARO.
Microbial control
Microbial agents tested against the weevil include entomopathogenic fungi (e.g.
Beauveria bassiana and Metarhizium anisopliae), entomopathogenic nematodes (e.g.
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Steinernema spp. and Heterorhabditis spp.) and endophytes (e.g. non-pathogenic Fusarium
spp.). Entomopathogenic fungi and nematodes are mostly used to kill adult weevils,
while endophytes effectively control the immature stages of the pest.
A number of B. bassiana strains have shown promise in the laboratory (i.e. effecting
mortality rates of >95%) and in preliminary field studies (Nankinga 1999). However,
efficient and economically viable delivery systems still need to be developed.
Entomopathogens have been reported to establish following applications in banana
fields in a few cases. Without adequate establishment, entomopathogens will require
repeated applications as a biopesticide. This will entail continued production,
distribution and storage costs that will be passed on to the farmer.
Entomopathogenic nematodes have received wide attention as biological control agents
because of their wide host range, ability to kill host rapidly with no adverse effects on
environment. Treverrow and Bedding (1993) developed a delivery system that involved
releasing nematodes into conical shaped cuts made in residual rhizomes. The nematodes
were released at a density of 250 000 per hole in a formulation including a polyacrylic
gel (to reduce water build-up and incidence of nematode drowning) with an adjuvant of
1% parafin oil (to encourage the weevils to raise their elytra, exposing the first spiracle
for nematode entry). Although the nematodes were able to reduce weevil numbers, they
were not economically competitive with pesticides (Treverrow 1994). Development of
such resource delivery systems for poor farmers in Africa seems a long-shot.
A wide variety of endophytic fungi have been isolated from nearly all examined plants
(ranging from grasses to trees) and plant tissues. Many of these have developed
mutualistic relationships with plants and some act as antagonists to pests and diseases.
At IITA and NARO, the current approach has been to isolate endophytes from banana
rhizomes, screen them for activity against banana weevils, reinoculate candidate strains
of endophytes into tissue plants and then assess entomopathogenic activity under
laboratory and field conditions. Endophytes can extend the benefits of clean planting
material and serve as a component of ‘host plant resistance’.
Griesbach (2000) obtained 200 isolates of endophytes from 64 recently harvested banana
plants in Ntungamo district, Uganda. Spore suspensions of 12 isolates (8 Fusarium, 3
Acremonium, 1 Geotrichium) caused 80-100% mortality in weevil eggs, while 74 additional
isolates caused 60-79% mortality. Two Fusarium strains also produced 30-48% mortality
of weevil larvae. Currently, IITA and NARO are evaluating additional isolates in the
laboratory and assessing endophyte performance in tissue culture plants.
Discussion
Few data are available to elucidate banana weevil pest status in the insect’s area of
origin in southeast Asia. Waterhouse (1993) suggests that the weevil is unimportant in
much of the region. Weevil pest status on the highly susceptible plantain group in their
area of origin in southern India is unclear. It would be useful for the different national
programmes to document weevil pest status by mapping damage on different Musa
clones.
Low weevil populations in Asia might be attributable to a predominance of resistant
cultivars. For example, Pisang Awak is known to be resistant to the weevil in East
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Africa, while in Indonesia, the weevil appears to prefer crop residues to standing plants
(Gold and Hasyim pers. observ.).
Alternatively, it is possible that co-evolved natural enemies, adapted to banana systems
and the banana weevil’s biology, might maintain pest levels below damage thresholds.
In Indonesia, recent evidence suggesting the existence of egg and larval parasitoids is an
exciting discovery.
Further searches for natural enemies (especially parasitoids) in south and southeast Asia
should be strongly encouraged. Such natural enemies might be used against banana
weevil in pest hot spots in Asia, as well as form the basis for classical biological control
programmes in Africa and Latin America.
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INIBAP-ASPNET 2000 Highlights of Accomplishments
Agustin B. Molina1

1. Transfer of the ASPNET office from PCARRD to IRRI Campus
On September 1, 2000, the INIBAP-ASPNET office moved to the campus of IRRI on
the strength of the MOA signed by DG Geoffrey Hawtin of IPGRI and DG Ronald
Cantrell of IRRI.
2. Training/Workshop in Bangladesh
a) The Horticulture Research Centre, Bangladesh Agricultural Research Institute
(HRC/BARI) and INIBAP-ASPNET held a Seminar-Workshop on Banana Virus
Disease Management in Joydebpur, Bangladesh on September 5, 2000. The
workshop, participated in by more than 50 banana researchers, policy makers
and professors from government institutions and academe, reviewed the
distribution and severity of banana virus diseases in the country, discussed and
formulated action plans to alleviate the disease problem. The workshop was
graced by Dr M.A. Razzque, Director General of BARI, who raised concerns on
the impact of the diseases to the local banana industry and expressed
appreciation to INIBAP-ASPNET and Prof Su for the technical assistance
provided. The seminar-workshop was strengthened by the technical
presentations from Dr Agustin B. Molina, Regional Coordinator, INIBAPASPNET and Prof H.J. Su, a noted banana virologist from the National Taiwan
University, and Drs Md. Abdul Hoque and Mozaffar Hossain of HRC.
The topics of the seminar-workshop included the major pests and diseases of
banana, their nature, epidemiology and management. Emphasis was given on
the significance of virus indexing in producing disease-free tissue-cultured
planting materials as a management tool for virus diseases. Important banana
virus diseases in Bangladesh mentioned are BBTV, BBrMV, BSV and CMV.
The DG also emphasized that an earnest programme in alleviating the virus
diseases will be implemented in several areas in Bangladesh where bananas have
been severely affected.
b) A Hands-on Virus Indexing Training was conducted on September 6-7, 2000 at
the laboratories of HRC/BARI, Bangladesh. Sponsored by INIBAP - Asia Pacific
Network with HRC/BARI as the local organizer, the training was participated in
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by nine scientific officers of BARI. The principal trainor was Prof H.J. Su,
virologist of the National Taiwan University.
Two indexing procedures, the ELISA and PCR-based techniques were taught.
Prof Su provided the antibodies and primers used in the training. He also
donated through INIBAP more than US$2000.00 worth of reagents and
instruments. The hands-on training was very relevant as HRC/BARI is going to
implement a national banana virus disease management programme that is
based on the use of disease-free planting materials.
3. Banana Needs Assessment Workshop
The Philippine Council for Agriculture, Forestry and Natural Resources Research
and Development (PCARRD) organized this workshop in collaboration with
INIBAP-ASPNET and the Southern Mindanao Agriculture and Resources Research
and Development Consortium (SMARRDEC). It was held on May 23, 2000 in Davao
City, Philippines and was attended by more than 40 representatives of the different
sectors of the industry which included researchers, growers, cooperatives, exporters,
traders/buyers, processors and input suppliers. The workshop objective was to
identify the information needs of banana stakeholders, their media preferences, and
their access to information. The participants were divided into three major groups:
(1) growers, (2) input suppliers, and (3) experts/researchers. The first group
enumerated market information, technology information, directory of
services/researchers, and policy information. The input suppliers group identified
market
information,
soil
fertility
information,
and
directory
of
growers/experts/researchers/ institutions. Main concerns of the last group included
technology updates, schedule of scientific conventions/trainings/seminars,
directory of banana researchers and institutions, sources of R&D funding, R&D gaps
and network on banana. A majority of the stakeholders identified both print and
web as their preferred formats in accessing banana information. Ms Versalynn Roa
of INIBAP-ASPNET also made a presentation on the INIBAP InfoDoc activities and a
demonstration on the MusaDoc. This will form part of the Banana Information
Network.
4. National Banana R&D Symposium in Vietnam
The Vietnam Agricultural Science Institute (VASI) headed by Dr Ho Huu Nhi,
ASPNET RAC representative of Vietnam, organized a national banana R&D
symposium on June 7-8, 2000 in Hanoi. The symposium, which was attended by the
RC and the Director General of VASI, brought together the various researchers on
banana from eight institutions to review the status of banana R&D in the country.
Banana pests and diseases obviously were the prime concern of banana R&D in
Vietnam. The proceedings was published by VASI and INIBAP in 2000.
5. Global PROMUSA Meeting
The Global PROMUSA meeting was held in Bangkok, Thailand on November 6-8,
2000. Local arrangement was coordinated by Prof Det Wattanachaiyingcharoen,
RAC representative of Thailand. ASPNET served as its regional host with the RC
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providing coordination. Since this activity was held back to back with the ASPNET
RAC meeting, RAC representatives also participated in this Global Meeting.
st

6. 1 Thailand International Banana Symposium
The Thai government, through the Department of Agricultural Extension and
Department of Agriculture, with Prof Wattanachaiyingcharoen serving as the
coordinator, organized the 1st Thailand International Banana Symposium on
November 5-8, 2000 at the Queen Sirikit Convention Centre. Participants of both the
PROMUSA and RAC meetings attended the Symposium and were requested to give
lectures on their respective area of expertise. Banana R&D results, technologies and
products were on display. Banana competitions (best ripe banana for consumption,
banana for processing, odd banana, banana products for food and utilization, etc.)
were also held.
This occasion was graced by HRH Princess Maha Chakri Sirindhorn, and other high
government officials of Thailand. Plaques of appreciation were presented to the
major sponsors of the symposium where Dr Emile Frison was the recipient for
INIBAP. Awards were also presented to winners of the banana competitions.
INIBAP Hq and ASPNET put up an exhibit highlighting the 15th Anniversary of
INIBAP.
7. Collaboration with private companies
Lapanday Foods Development Corp., a Filipino-owned company buying and
exporting bananas from farmer cooperatives and individual growers, is interested in
looking at the leaf spot concerns in southern Philippines. They have donated
US$5000 to INIBAP for this collaboration. Lapanday has its modest R&D group to
execute this study (identity and variability of the leaf spot pathogen, particularly
black sigatoka), with some guidance from INIBAP. Results of this study may be
shared with INIBAP. Lapanday is also interested to do field performance evaluation
trials for the IMTP varieties.
8. BPI-INIBAP Collaboration – Banana Development: Maintenance,
Characterization, and Evaluation of Banana Germplasm
•

Collection, conservation and characterization of bananas and plantains
Banana is considered as one of the endangered genetic resource of the country
and the ASEAN region. As such, the need to conserve this resource is of utmost
importance, so as not to lose this priceless genetic wealth.
In July 1977, the banana and plantain working group of International Board for
Plant Genetic Resources (IBPGR) now International Plant Genetic Resources
Institute (IPGRI) agreed on the need for a conservation programme for bananas
and plantains. Realizing the importance of such conservation programme, the
Southeast Asian Regional Committee of the IBPGR in 1978 designated the
ongoing banana germplasm collection at the BPI-DNCRDC in Bago Oshiro,
Davao City as the Southeast Asian Banana and Plantain Resource Centre.
Likewise, it was identified as the site for the International Resource Centre for
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Bananas and Plantains by the working group up to the present. The genebank
holds the Philippine, Malaysia, Thailand, Indonesia and Papua New Guinea
(PNG) collections.
At present, there are 179 accessions of bananas and plantains being maintained
and evaluated at the field genebank. The collection consists of Philippines (86),
Malaysia (22), Thailand (16), Indonesia (6) and PNG (49) accessions.
Using the new banana descriptors of IPGRI, thorough evaluation was done on
the 116 characters enumerated. Results of these characterizations are contributed
to the global MGIS database system.
Complete evaluation on the Philippine cultivars reached to 45 accessions out of
86 with their corresponding genomic constitution. For Malaysian cultivars, there
were 18 accessions out of 22; Thailand has 12 out of 16; Indonesia has 4 out of 6
and 17 out of 50 cultivars of PNG had complete characterization.
There are 19 newly-collected cultivars that were added to the collection.
Preliminary work on the characterization was done to determine if these
cultivars are distinct or with synonyms in the collections.
Among the 80 distinct bananas and plantains that were thoroughly
characterized, 16 of these were lost due to pests and diseases and some adverse
stresses. These cultivars will be retrieved as a basis for comparison of the new
collections.
•

Maintenance, disease monitoring and virus indexing in the banana genebank
A total of 245 accessions consisting of banana and plantains from the Philippines,
PNG, Indonesia, Malaysia and Thailand are continuously maintained in vitro.
Newly established accessions have been added consisting of 78 accessions from
these five countries, IMTP entries and reference materials from Belgium.
Twenty-five accessions from the Philippines are now in meristem culture.
Sigatoka leaf disease assessment was carried out at shooting stage in accessions
coming from five countries. A total of 158 accessions have been assessed.
Virus indexing studies reveal that there is an increasing incidence of bract
mosaic, bunchy top and banana streak viruses. Notably, all virus-infected plants
in the field came from suckers as planting materials.
Soil-borne diseases such as fusarium wilt and moko infected a few accessions in
the genebank. Three accessions coming from the Philippines (2) and PNG (1)
were infected with moko disease. For Panama disease, Philippines (6) and PNG
(1) accessions were infected. Diseased plants were immediately eradicated once
observed. However, there has been a recurrence of the disease from time to time.
Bugtok was observed on 3 Philippines and 1 PNG accessions.
Status of nematode population in the genebank showed that there has been a
shift of importance in the nematode species present. Helicotylenchus has been
observed to be predominant on all cultivar accessions from five countries. A
total of 85 accessions have been collected for root and soil sampling.
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LOA for the BPI – Philippine Banana Development project for the year 2000-2001
was prepared. The workplan includes characterization, field performance/
adoption trials, IMTP and true-to-type study for some ITC accessions. Funds
will be released by INIBAP in November 2000.
9. INIBAP-ICAR Collaboration
An annual report that covers 1999-2000 was submitted by National Research Centre
on Banana (NRCB) to INIBAP-ASPNET. An original copy of the report was
forwarded to INIBAP Hq. A workplan for the year 2001-2002 was prepared and
submitted to IPGRI (Dr Bhag Mal) for its integration to the IPGRI-ICAR
Collaboration for year 2001-2002.
•

Collection, characterization of Indian banana and plantain in northeastern
region
Workplan for the second year implementation of Collection and Characterization of
Banana and Plantains of Northeastern India project in India was submitted by
NRCB and endorsed/approved by INIBAP-ASPNET for implementation. The
workplan covers from April 2000-March 2001. It includes the continuation of the
collection missions in Tripura, Manipur and Mizoram of the Indo-Bangla-Burma
border. Characterization of collected materials as well as those sourced from ITC
will be done. Participation to evaluation trials of improved materials and
cultivars will also be included. The workplan also includes NRCB sharing unique
accessions to INIBAP within the year. The budget for the second year
implementation was remitted to ICAR on March 8, 2000.
Of the 30 accessions collected during the exploration in Assam, Meghalaya and
Arunachal Pradesh, 20 have been successfully established in the field,
characterized and evaluated. Ten of these 20 accessions were deposited at
National Bureau of Plant Genetic Resources (NBPGR) so far and after proper
documentation, duplicates will be sent to ITC. Ten accessions, which were
collected at higher altitudes, failed to establish in the field. Efforts to recollect
these materials will be done using local resources from the northeast region.

• Characterization and evaluation of ITC accessions
To date, 52 accessions have been received by NRCB from NBPGR of which 28
accessions have been characterized. The rest are in the process of establishment
in the field and in various stages of characterization. The characterization data
have been submitted to INIBAP Hq using the MGIS database software.
!

Strengthening of the national repository for conservation and safe movement of
banana germplasm
In this cooperation, INIBAP had supplied India banana accessions that are often
requested from ITC for R&D purposes (i.e. mass multiplication and distribution)
in India. Moreover, some ITC accessions are so supplied to be field established
and characterized at NRCB for purposes of generating varietal characteristics of
these accessions, and possibly address synonyms or duplicate collection at ITC.
To date, 114 accessions have been received by NBPGR from ITC under this MOU
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of which six failed to establish. These accessions have been maintained under
normal and slow growth conditions as in vitro cultures. Plants are also
multiplied to supply various research workers on request basis. Out of the 108
surviving accessions, 52 have been supplied to NRCB for field characterization
and evaluation.
10. Etiology and survey of banana leaf spot in Asia
A study to understand the etiology and distribution of incidence of the various leaf
spot diseases against various cultivars in different locations with the following
partners in Asia:
a) National Research Centre on Banana, India
Preliminary study in peninsular India confirmed the occurrence of black sigatoka
(Mycosphaerella fijiensis) and septoria leaf spot (M. eumusae) in addition to yelllow
sigatoka (M. musicola). The symptoms varied with the cultivar, altitude and
season of occurrence. Further investigations on pathogen diversity through
intensive survey and resistance sources among Musa spp. (including wild
species) to the different pathogens are necessary. Crop loss due to these diseases
is very conspicuous and small and marginal farmers of South and Southeast Asia
cannot afford to control them using pesticides.
b) South China Agricultural University, China
Banana leaf spot disease investigation has been funded by INIBAP-ASPNET
starting early this year. So far, 12 organisms have been found to cause different
types of leaf spot diseases on bananas such as: Colletotrichum musae (Berk. &
Curt.) Arx, Deightoniella torulusa (Syd.) M.B. Ellis, Phyllosticta musarum (Cke.)
Petr., Cordana musae (Zimm.) v. Hohn, Pseudocercospora fijiensis (Morelet)
Deighton, Pyricularia grisea (Cke.) Sacc., Curvularia lunata (Wakker) Boed.,
Curvularia sp., Stagotospora sp., Alternaria sp., Phomopsis sp. and Phyllosticta sp.
Symptomatology as well as etiological studies on different host cultivars were
also conducted. Although black sigatoka disease seemed not to cause big losses
in Guangdong Province this year, it is popularly acknowledged to be a big threat
to the banana production in the near future, therefore, it needs to be given
attention.
c) University of the Philippines Los Baños, Philippines
Leaf spot diseases particularly those resembling the symptoms of black sigatoka
were collected from commercial banana plantation in Mindanao, as well as from
field genebank at BPI and UPLB. Some were sent to CIRAD for confirmatory
diagnosis. Of the samples sent to CIRAD, all infections were those of M. fijiensis
(black sigatoka). No sample resulted to the pathogen Septoria sp. (M. eumusa)
that was reported in India and Sri Lanka. Further sampling from leaf spot
infection from IPB, UPLB genebanks showed the presence of the various leaf
spots such as black cross (Phyllachora musicola B. & S.), cordana leaf spot (Cordana
musae Hoehn.), black sigatoka (M. fijiensis), freckle (Macrophoma musae Berk. &
Vogl.) and some other yet to be diagnosed infection. The etiology and
symptomatology of these diseases as they infect the various cultivars/accessions
are being pursued.
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d) Malaysian Agricultural Research and Development Institute, Malaysia
Preliminary etiological study is being conducted on the various leaf infections of
the different accessions at MARDI genebank. As a result of their preliminary
study as well as the earlier report that leaf samples from Malaysia yielded to the
occurrence of septoria leaf spot, a project proposal was developed with CIRAD,
MARDI and ICAR through the framework of PROMUSA for funding by INCODEV.
11. Testing of transgenic bananas
To take the next step from the advancements of biotechnology through the
framework of PROMUSA, INIBAP-ASPNET initiated a collaborative project to test
transgenic bananas from QUT to be evaluated at the University of the Philippines
Los Baños. Transgenic bananas with virus resistance genes from the laboratory of Dr
James Dale will be evaluated in screenhouse at IPB, UPLB against BBrMV and BBTV.
INIBAP-ASPNET facilitates this collaboration. A small grant was provided to
IPB/UPLB to improve their screenhouse to the standard required by the Philippine
Biosafety Board. The screenhouse and screen cages were already built. Application
for experimental permit for transgenic testing is being processed. Dr Dale agreed
that he or his assistant would visit the Philippines and bring some non-transgenic
plants to be tested as a ‘dry-run’ for the testing of transgenic bananas. The details of
the screening protocol will also be discussed.
12. PROMUSA Initiatives

•

QUT-IPB/UPLB Biotechnology Project
The initial project of testing transgenic bananas with BBrMV resistance genes
took a bigger turn of collaboration between QUT and IPB/UPLB with a complete
project proposal submitted for funding to ACIAR. The proposal expanded not
only testing of current transgenic bananas developed at QUT, but new initiatives
of developing new constructs using BBrMV isolates from the Philippines and
generating new transgenics using banana cultivars important in the country.
INIBAP will continue to monitor/facilitate this collaboration.

•

INCO-DEV Proposal
CIRAD, MARDI and NRCB prepared a research project on banana leaf spot
diseases submitted for funding by INCO-DEV. Initial studies to study the
identity and diversity of leaf spot diseases affecting various banana genotypes in
Malaysia, India, Philippines and China have been organized by INIBAP. Such
initiative resulted to identification of researchers who can participate in
PROMUSA research collaboration.

•

Research and Training on Banana Nematodes
Dr Dirk De Waele will visit the Philippines in November 2000 and meet with
nematologists of UPLB and BPI-Davao for possible research collaboration. A
proposal to develop a nematode research and training programme will be
prepared by both UPLB and Dr De Waele. The main goal of this initiative is to
understand and identify the nature and source of resistance of banana
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nematodes particularly Radopholus similis and M. incognita. The project will be
submitted to the Flemish government for funding.
13. Establishment of National Repository, Multiplication/Dissemination Centres
(NRMDC)
In the last 10 years Musa researchers worldwide have made several important
breakthroughs and an increasing number of new, high-yielding, disease-resistant
varieties are being produced. These varieties include both cooking and dessert
types, a number of which are considered to hold good potential for smallholder
production in Asia. These improved varieties are being made available for testing
and distribution to farmers by INIBAP. It is believed that the introduction of these
new varieties as part of an integrated pest management strategy, involving also the
use of clean planting material, could have a rapid and significant impact on
production levels in Asia.
However, there is a major constraint to the widescale distribution and adoption of
improved varieties, and this is the lack of planting material at the national level.
Due to the heavy demand for germplasm, INIBAP is only able to supply five
replicates of each accession per request. Further multiplication of planting material
for the establishment of trials and distribution to farmers is therefore a national
responsibility. However, many countries lack facilities for the mass propagation of
good quality planting material (tissue culture laboratories, nurseries, etc.).
If this constant constraint could be overcome, it is believed that the resulting
increased banana production would contribute significantly to reducing the rural
poverty and malnutrition prevalent in many Asian countries. The INIBAP-Asia and
Pacific Network proposed a project to address the problems related to the
introduction, multiplication and dissemination of improved banana varieties in
selected countries in Southeast Asia. The objective of the NRMDC project is to
increase the availability of improved, high yielding disease-resistant germplasm for
banana farmers as part of an integrated crop development strategy.
This will be implemented through the following activities:
•

Improved varieties which are high-yielding and resistant to pests and diseases
will be made available through INIBAP.

•

These will be supplied as in vitro plantlets, which will be used to establish in each
participating country by a national germplasm repository, multiplication and
dissemination centre.

•

The INIBAP-supplied plants will serve as foundation stock for the further
multiplication by the national centre as disease-free planting material using
either tissue culture or nursery-based mass propagation techniques.

•

Training on seedling mass production, virus indexing, nursery management, and
post-planting management will be carried out.

•

Clean planting material will be supplied for use in farmer-participatory
evaluation trials.
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•

Evaluation trials will allow local adaptability, yield and quality of new varieties
to be determined. At the same time, farmers will be trained in the use of clean
planting material for the control of pests and diseases.

•

Selected varieties will be further multiplied by the national centre for wider
distribution to farmers.

The operational funding of such programmes will come from the national
governments of participating countries. The Philippines, Thailand, Vietnam,
Malaysia, Bangladesh and Sri Lanka are responding favourably to the concept. To
further enhance this programme, a proposal for funding to support the adoption of
potential varieties was submitted and discussed with the Food and Fertilizer
Technology Center (FFTC) and the Rural Development Foundation in Taiwan.
Preliminary responses are positive. Small grant from INIBAP may be considered for
some needy NARS.
14. Participation in meeting/symposium/seminar
•

Served as Technical Reviewer for Department of Agriculture - Bureau of
Agricultural Research (DA-BAR), Philippines for a research proposal by the
Postharvest Horticulture Research and Training Centre of UPLB on 10 April
2000. The project with funding of US$25 000.00 for three years will look at the
transport and handling of local varieties (Lakatan, Saba and Latundan) for local
market.

•

Served as Technical Reviewer upon the invitation of PCARRD to evaluate the
status of the Banana Biotechnology Programme of the Institute of Plant Breeding
funded by DOST-PCARRD and DA-BAR on 14 April 2000. The main objective of
this project is to produce BBTV-resistant varieties through mutation breeding,
and transformation. (INIBAP through PROMUSA framework is enhancing this
project by providing transgenic bananas developed in advanced laboratories for
testing against local isolates of banana viruses).

•

Presented INIBAP and its programmes during the monthly meeting of the
PCARRD Directors’ Council on 18 April 2000. It was a relevant presentation
since many of those involved in the management of PCARRD are practically
new. Ms. Versalynn Roa gave a presentation on the InfoDoc activities and the use
of MusaDoc CD ROM. Copies of the MusaDoc CD and other recent publications
were provided to the PCARRD Executive Director, Dr. Patricio S. Faylon and the
directorate.

•

Invited lecturer at the monthly seminar of DA-BAR on 11 July 2000 - Banana
Industry in the Philippines: Role of INIBAP. Ms. Roa presented the INIBAP InfoDoc
activities and the use of the MusaDoc.

•

Guest speaker during the Cagayan Valley Agriculture and Resources Research
and Development (CVARRD) consortium meeting at Nueva Vizcaya State
Institute of Technology (NVSIT) in northern Philippines on 28-29 August 2000.
Presented a lecture on the Concerns and Opportunities of Banana Industry in the
Cagayan Valley: Role of INIBAP-ASPNET.
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•

Participated in the planning-sessions of IPGRI-APO, Kuala, Lumpur, Malaysia
on 25-26 September 2000. Presented a paper on INIBAP Activities in Asia and the
Pacific: Opportunities of Collaboration.

•

Presented a seminar at the Malaysian Agricultural Research and Development
Institute (MARDI) on 28 September 2000 with the DDG, Director of Horticulture
Department and staff. Presented the Activities of INIBAP: Opportunities of
Developing Banana Industry through Adoption of New Varieties and Superior Land
Races.

15. Banana Rehabilitation Project
An IPM pilot project in BBTV-ravaged provinces of Quirino and Nueva Vizcaya,
Philippines is being technically supported through PCARRD. The use of clean
planting materials (TC) coupled with good post-planting management is piloted in
farmers’ field. INIBAP is assisting in the packaging of IPM technologies.
16. Regional Multiplication and Distribution for Improved Musa Germplasm for the
Pacific islands
INIBAP in collaboration with the Secretariat of the Pacific Community (SPC) has an
ongoing project ‘Regional Multiplication and Distribution for Improved Musa
Germplasm for the Pacific Islands’. This involves the distribution, multiplication and
testing of the new improved hybrids in the South Pacific by the SPC’s Regional
Germplasm Centre (GRC). The materials will be used to establish
nursery/demonstration plots to determine the suitability of the new germplasm.
From there, promising lines would then be distributed to the farmers. The
dissemination of these hybrids to farmers started a few years back. The FHIA
banana lines are of particular interest to increase production and reduce cost and
environmental damage of pesticides. Initial indications show that the hybrids are
acceptable even though they do not taste like the traditional banana varieties. With
the range of FHIA lines distributed, there is hope that preference of the farmers and
consumers can be satisfied. To date, the following FHIA hybrids are being
distributed and multiplied in the South Pacific: FHIA-1, 2, 3, 17, 18, 23 and 25.
The Goldfinger banana survey in Samoa showed very positive preliminary results.
Goldfinger exhibited high levels of resistance to banana leaf streak (BLS), which is
the most important banana disease in the region and is producing high yields under
low input conditions. Therefore, farmers are satisfied with Goldfinger and will
continue to grow it.
The FHIA hybrids are presently being distributed and tested in American Samoa,
Fiji, Federated States of Micronesia, Papua New Guinea, Samoa, New Caledonia,
Wallis and Futuna under the coordination of Mr Tom Osborn, Agricultural Adviser
of SPC.
Year 1 was completed in November 2000 and request for year 2 budget was granted
in the amount of $3000.
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17. Field Evaluation of Improved Hybrids/Clones
The major thrust for ASPNET this year is the accelerated field performance
evaluation trials of improved hybrids/clones/superior land races for subsequent
dissemination and adoption by farmers. The establishment of a national repository
and multiplication centre(s) is an initial important step towards an operational
availability of these materials for national testings. These centres (institutes) will
supply and even coordinate and/or develop national programmes of adaptiondemo-trials. The RC has discussed the programme with ASPNET RAC
representatives and NARS. It was appreciated that the INIBAP managed and
coordinated collections of improved hybrids/clones/varieties are such an asset that
the NARS should take advantage to push for national banana development
programmes. The Philippines, Malaysia, Indonesia, Thailand, Bangladesh and Sri
Lanka manifested their interest to participate in the evaluation. The RC requested
appropriate institutions to submit a simple proposal so that an LOA maybe signed.
The proposal will include the standard provision for Material Transfer Agreement.
18. TBRI donated two somaclonal variant clones to INIBAP
In January 2000, Dr SC Hwang, Director of TBRI and ASPNET RAC member, came
to Los Baños to donate two TBRI clones that will be included to the INIBAP
collection of improved varieties. These materials are Cavendish types, high-yielding
and most importantly, resistant to Foc race 4. Many countries in Asia are interested
to test these in their national evaluation programmes. A Material Acquisition
Agreement was signed between the Directors of INIBAP and TBRI.
19. Request for antibodies from Sri Lanka
Sri Lankan virologists requested more antibodies for virus indexing in their national
banana rehabilitation programme. Their request was facilitated through Prof Su of
the National Taiwan University who provided antibodies through INIBAP.
20. MGIS
The Philippines and India have sent their updated contributions to INIBAP Hq for
the MGIS database.
21. RISBAP and Other Publications
The ASPNET Secretariat published the following:
•

Advancing Banana and Plantain R&D in Asia and the Pacific. Proceedings of the
9th INIBAP-ASPNET Regional Advisory Committee meeting held in South China
Agricultural University, Guangzhou, China, 2-5 November 1999.

•

Banana Cultivar Names and Synonyms in Southeast Asia.

•

Managing Banana and Citrus Diseases. Proceedings of a regional workshop on
disease management of banana and citrus through the use of disease-free
planting materials held in Davao City, Philippines, 14-16 October 1998 (cofunded with the Food and Fertilizer Technology Centre based in Taipei, Taiwan
and printed in the Philippines).
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•

Highlights of Musa Research and Development in Vietnam. Proceedings of a
meeting held in Hanoi, Vietnam on 7-8 June 2000 (co-funded with VASI, Hanoi,
Vietnam and printed in Vietnam).

•

Banana: Improvement, Production and Utilization. Proceedings of the
st
Conference on Challenges for Banana Production and Utilization in 21 Century.
(co-funded with ICAR, India and printed in India). Copies have already been
distributed.

The manuscript of Proceedings of the Fusarium meeting held in Genting Highlands,
Malaysia in October 1999 is in its final stage and will be published by ASPNET in
early 2001.
Three issues of the Regional Information System for Banana and Plantain – Asia and
Pacific (RISBAP) Bulletin were published and distributed in June, October and
November. Another will be coming out in December. Article contributions from
network members were also received and published. This bulletin gives information
on ongoing activities, upcoming conferences, seminars and workshops, new
publications and other technical information of regional interest.
The ASPNET Secretariat distributed the following regional publications during 2000:
Title

Total

Managing Banana and Citrus Diseases
Banana Cultivar Names and Synonyms in Southeast Asia
Advancing Banana and Plantain R&D in Asia and the Pacific
Int’l Symposium on Recent Dev’ts in Banana Cultivation Techniques
Banana Nematodes and Weevil Borers in Asia and the Pacific
RISBAP – Asia and the Pacific
Banana Streak Virus, An Illustrated Field Guide

1 670
582
70
25
23
30
68

For the RISBAP database, ASPNET base received a total of 495 contributions from
China (79), Vietnam (29), Australia (96), Philippines (128), Sri Lanka (9) and Taiwan
(154). Others have also provided information but in a different format or hard
copies (Malaysia, Bangladesh and Thailand). A grant was provided to Malaysia to
help facilitate data gathering and input to the database.
Information received is being merged to the RISBAP database for submission to
INIBAP headquarters for integration into MUSALIT.
INIBAP Staff Publications in 2000
Molina A.B. and V.N. Roa (eds). 2000. Advancing banana and plantain R&D in Asia
and the Pacific. Proceedings of the 9th INIBAP-ASPNET Regional Advisory
Committee meeting held in South China Agricultural University,
Guangzhou, China, 2-5 November 1999.
Molina A.B., V.N. Roa, J. Bay-Petersen, A.T. Carpio and J.E.A. Joven (eds). 2000.
Managing banana and citrus diseases. Proceedings of a regional workshop on
disease management of banana and citrus through the use of disease-free
planting materials held in Davao City, Philippines, 14-16 October 1998.
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Nhi H.H., A.B. Molina, I. Van den Bergh and P.T. Sen (eds). 2000. Highlights of Musa
Research and Development in Vietnam. Proceedings of a meeting held in
Hanoi, Vietnam on 7-8 June 2000.
Valmayor R.V., S.H. Jamaluddin, B. Silayoi, S. Kusumo, L.D. Danh, O.C. Pascua and
R.R.C. Espino. 2000. Banana Cultivar Names and Synonyms in Southeast
Asia.
Molina A.B. and V.N. Roa. 2000. RISBAP Bulletin Vol. 4, No 1.
Molina A.B. and V.N. Roa. 2000. RISBAP Bulletin Vol. 4, No 2.
Molina A.B. and V.N. Roa. 2000. RISBAP Bulletin Vol. 4, No 3.
INIBAP Staff Presentations in 2000
Molina A.B. 2000. Banana Industry in the Philippines: Role of INIBAP. Invited
lecturer at monthly seminar of the Dept. of Agriculture-Bureau of
Agricultural Research (DA-BAR) on 11 July 2000.
Molina A.B. 2000. Concerns and Opportunities of Banana Industry in the Cagayan
Valley: Role of INIBAP-ASPNET. Guest speaker during the Cagayan Valley
Agriculture and Resources Research and Development (CVARRD)
consortium meeting at Nueva Vizcaya State Institute of Technology (NVSIT)
in northern Philippines on 28-29 August 2000.
Molina A.B. 2000. INIBAP Activities in Asia and the Pacific: Opportunities of
Collaboration. Presentation at the planning sessions of IPGRI-APO, Kuala
Lumpur, Malaysia, 25-26 September 2000.
Molina A.B. 2000. Activities of INIBAP: Opportunities of Developing Banana
Industry through Adoption of New Varieties and Superior Landraces.
Presented a Seminar at the Malaysian Agricultural Research and
Development Institute (MARDI) on 28 September 2000 to the DDG, Director
of Horticulture Dept. and staff.
Roa V.N. 2000. INIBAP InfoDoc Activities. (This includes the presentation of the
various INIBAP publications and a demonstration of the MusaDoc).
Presented during PCARRD Directors’ Council meeting in Los Baños on 18
April 2000, the Banana Needs Assessment Workshop in Davao City on 23
May 2000 and Monthly Seminar of the Dept. of Agriculture-Bureau of
Agricultural Research (DA-BAR) in Manila, Philippines on 11 July 2000.
22. Attendance to Training/Study Visits/Seminars Facilitated by INIBAP-ASPNET
a) Banana Needs Assessment Workshop conducted in Davao City, Philippines, 23 May
2000.
b) Dr Ahsol Hasyim (Research Institute for Fruits, Indonesia) to a study-tour on
biological control of nematodes and weevils at IITA, August 2000.
c) Banana R & D Seminar, Cagayan Valley R&D Consortium, Philippines, 28 August
2000.
d) Banana Farmers’ Virus Management Training at Cagayan Valley, Philippines, 29
August 2000.
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e) Banana Seminar at Bangladesh Agricultural Research Institute (BARI), Bangladesh, 5
September 2000.
f) Virus Indexing Training at BARI, Bangladesh, 6 September 2000.
g) Prof H.J. Su, (Professor, National Taiwan University), Trainor of Virus Indexing
Training (sponsored by INIBAP-ASPNET) conducted in Joydebpur, Bangladesh on
6-7 September 2000.
h) Global PROMUSA Meeting, Bangkok Thailand, 6-9 November 2000 and 10th INIBAPASPNET Regional Advisory Committee meeting held in Bangkok, Thailand, 10-11
November 2000.
Mr Bob Williams, Programme Leader- Tropical Fruits, Queensland Department of
Primary Industries, Australia
Dr Md. Abdul Hoque, Scientific Officer, Horticulture Research Centre/Bangladesh
Agricultural Research Institute, Bangladesh
Dr S. Sathiamoorthy, Director, National Research Centre on Banana/Indian Council
of Agricultural Research, India
Dr Ahmad Dimyati, Director, Research Centre for Horticulture and Miscellaneous
Crops, Indonesia
Dr Siti Hawa Jamaluddin, Senior Research Officer, Malaysian Agricultural Research
and Development Institute, Malaysia
Dr Rene Rafael Espino, Professor, University of the Philippines Los Baños and
Coordinator of the National Banana Programme, Department of Agriculture,
Philippines
Dr Sujatha Weerasinghe, Research Officer, Horticulture Research and Development
Institute, Department of Agriculture, Sri Lanka
Prof Det Wattanachaiyingcharoen, Professor, Naresuan University, Thailand
Dr Ho Huu Nhi, Head, Agro-biotechnology Department, Vietnam Agricultural
Science Institute
Dr SC Hwang, Director, Taiwan Banana Research Institute
Mr Tom Osborn, Agriculture Adviser, Secretariat of the Pacific Community

51

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Project Updates

52

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

53

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Banana research and development activities
in the Philippines: An update
Rene Rafael C. Espino1

Banana (Musa sp.) is the leading fruit species in the country in terms of hectarage,
volume and value of production. In 1999, a total of 338 277 hectares producing 3.7
million metric tonnes valued at P15 billion (BAS 2000). It is also a consistent top dollar
earner, with export revenues of more than US$200 million annually. In 1997, it
contributed 7.07% of the gross value added in agriculture of the Philippines. As an
industry, more than 75% are small growers. The crop is planted throughout the country
with large farms/plantations found in southern Mindanao catering to the export market.
For small growers, it provides a steady source of food and income. It is also used either
to replace or extend the staple food, namely rice and corn. Consumed fresh, boiled, fried
or as banana cue, it is a popular snack food. The main cultivars grown for the domestic
market are Lakatan, Latundan, Bungulan and Saba/Cardaba, while Giant Cavendish,
Dwarf Cavendish, Umalag, Ecuadorian and Grande Naine are cultivated for export.
Research and development efforts on banana have been ongoing through the years.
These have led into significant contributions to the industry namely: mass propagation
through tissue culture, use of improved cultivars, better pest control, good soil
management, improved postharvest handling practices and development of diversified
products through processing.
With the implementation of the Agriculture and Fishery Modernization Act (AFMA),
the Department of Agriculture through the Bureau of Agricultural Research (DA-BAR)
established a Banana Research, Development and Extension Sub-Network. The primary
function of the agency is to plan, coordinate, monitor and evaluate all research,
development and extension activities in the country. In addition, sub-network members
consist of state colleges and universities and research centres, both in the government
and private sectors. It focuses on the local cultivars grown by the small growers in the
Philippines.
Current research and development activities
Cultivar improvement
Mutation induction through exposure to gamma radiation is being undertaken on
bananas. It was found that dosage rate higher than 80 Gy resulted to the death of the

1

Programme Director, High Value Commercial Crops Programme, Department of Agriculture and Professor, Department
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shoot tip. The resulting plants are now being evaluated for their horticultural
characteristics and resistance to banana bunchy top virus. Promising plants with good
horticultural characteristics are being further evaluated for their field performance and
resistance to various pests.
Induction of somatic embryogenesis and plantlet regeneration protocols are being
established and maximized for local cultivars. This is a prelude to studies on the genetic
transformation to improve the characteristics of these cultivars.
Genetic resources
Maintenance of the various accessions at the Southeast Asian Banana Germplasm
Resources Centre at the Davao National Crop Research and Development Centre,
Bureau of Plant Industry, Bago-Oshiro, Davao City, both in the field and in vitro is being
done. The collection consists of more than 200 plants coming from the Philippines,
Indonesia, Malaysia, Thailand and Papua New Guinea. These acquisitions are indexed
for banana bunchy top and bract mosaic viruses. In addition, collections at the
University of the Philippines Los Baños (Department of Horticulture and Institute of
Plant Breeding) are being maintained. Recollection of lost accessions was also done as
well as collection of new ones.
The characterization of the BB/BBB-cultivars using RLFP technology is ongoing.
Production/Cultural Management
Studies on the various management practices namely nutrition, use of tissue culturederived planting materials, deleafing, sucker control, water management and fruit care
are being pursued. There are numerous studies being done in various research centres
of the Department of Agriculture and in private institutions. The primary objective of
the studies is to improve the production systems suited to their respective areas.
Pest management
Virus diseases, namely bunchy top, bract mosaic and mosaic (cucumber mosaic virus)
have greatly affected banana production in the country. Management, control and
rehabilitation of the affected areas are pursued vigorously, particularly on banana
bunchy top. Community-based pilot areas in the 15 regions of the country were
established for the farmers to emulate the various control measures such as early
detection and treatment, use of virus-free planting materials and control of insect vector,
Pentalonia nigronervosa. Currently, a survey on the extent of infection of these virus
diseases is being conducted nationwide. Moreover, experiments on loss assessment and
screening for resistance to bract mosaic on the various accessions of banana are to be
pursued.
The use of early detection methods to determine the presence of viruses in the banana
plant is a primary strategy in controlling these diseases. Utilization of the monoclonal
antibody technology is being pursued. Indexing kits for banana bunchy top and bract
mosaic viruses were developed and are now being tested by other users, while indexing
kits for mosaic are now being developed.
Another disease, bugtok, which causes the hardening of the pulp on Saba/Cardaba is
being investigated because of its prevalence in the country. Control measures found
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effective includes: a) early bagging of the inflorescence; b) immediate removal of the
male bud; and c) sanitation. An information campaign is now underway to inform
farmers of these measures.
Postharvest/Processing
Quality assurance studies on local cultivars of banana are being pursued. These include
understanding the ripening and storage behaviour, handling characteristics and product
standard of each cultivar. To reduce losses, transport studies are also being undertaken
to improve handling and conditions during transport.
Research is underway to improve the processing of banana products, e.g.
chips/crackers, catsup, wine, etc. Product standards for each commodity and utilization
of its by-products are also being developed. Another area of concern is the effect of the
banana processing industry in the environment.
Socioeconomic/Policy
Technology assessment on the various management practices being promoted to the
farmers is being done to assess its impact on the farm. This will serve as guide for
future implementation of new technologies that will be generated by the research and
development institutions. Policy studies are likewise being put forward to make the
industry more efficient and responsive to the changing times.
Conclusion
Banana research and development efforts in the country are still not enough to address
the challenges and problems faced by the industry. With the globalization of trade, the
industry needs to be more efficient to lower production cost and increase production of
high quality products in order to compete effectively in the international market. It is
hoped that the government and private sectors extend additional support to strengthen
research and development efforts and help the industry to meet the challenges in both
the local and world markets.
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Study of the association between nematodes and bananas
in Vietnam
(Progress report of the nematological research at the
Vietnam Agricultural Science Institute, Hanoi, Vietnam)

Inge Van den Bergh1
Vietnam lies in the centre of origin of bananas and the plant has been cultivated there for
thousands of years. It is one of the most important fruit crops in Vietnam, ranking first
in terms of gross output (1.3 million tonnes/year or 34% of the total fruit production)
and in terms of production area (96 000 ha or 22% of the total fruit crop area) (FAO 1999;
General Statistical Office 1999). Bananas are mostly grown in small gardens, often in
mixed cropping systems and mainly used for home consumption.
Despite the favourable environmental conditions for banana production in Vietnam, the
average yield is very low: about 13.7 tonnes/ha (General Statistical Office 1999). Leaf
and root pathogens are considered important limiting factors for banana production in
Vietnam (Chau et al. 1997).
In October 1997, the International Network for the Improvement of Banana and Plantain
(INIBAP) and the Flemish Association for Development Cooperation and Technical
Assistance (VVOB) started a project in the Vietnam Agricultural Science Institute (VASI),
to study the different aspects of the association between nematodes and bananas in
Vietnam. The project is co-funded by the Australian Centre for International
Agricultural Research (ACIAR) and the Flemish Interuniversity Council (VLIR). The
project coordinators are Ms Inge Van den Bergh (INIBAP Associate Expert), Dr Ho Huu
Nhi (VASI), Dr Dirk De Waele (Catholic University of Leuven) and Dr Julie Stanton
(ACIAR).
The overall objective of the project is to gain more insight in the different aspects of the
association between nematodes and bananas in Vietnam. This knowledge may be used
to improve the local banana production, by increasing the yield and reducing the
(financial and environmental) cost of the use of nematicides. Through INIBAP, the
results may be made available to banana improvement programmes worldwide.
The specific objective of the project is to identify sources of resistance and/or tolerance
to root nematodes in the Vietnamese Musa germplasm. To achieve this goal, a study of
the Vietnamese nematode species and their relation to Vietnamese bananas must be
done. The occurrence and distribution of different nematode species and their biology
and pathogenicity must be examined. Then the Vietnamese Musa germplasm can be
screened for resistance and/or tolerance to these nematodes.
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Activities and results
1. Assessment of the occurrence and distribution of nematodes on wild Musa species in
natural habitats in north Vietnam
In April and May 2000, a survey to assess the occurrence and distribution of
nematodes on wild bananas was carried out in three natural habitats in Vietnam:
Cuc Phuong National Park, Ba Be National Park and Lai Chau province.
Three wild banana species were found during the survey: Chuoi Rung (VN1-026)
was present in the three areas, Chuoi Rung Hoa Do (VN1-049) was found only in Ba
Be and Chuoi Tay Rung (VN1-051) only in Lai Chau. Chuoi Rung means ‘jungle
banana’. It is a unique accession, which looks like Musa itinerans: stoloniferous plants
bearing a shiny, purple-brown male bud and small, brown fruits with many globular
seeds. But it differs from the type species in the manner of bract curling: instead of
rolling upwards as in Musa acuminata, its revolute bracts twist sideways exposing the
whitish under surface as the bracts roll. Chuoi Rung Hoa Do means ‘jungle banana
with red flower’. This is an undescribed specimen (Callimusa borneensis?), bearing an
erect inflorescence with orange-red bracts and yellow male flowers. The female
flowers at the base develop into yellow-orange, thin fruits with many rounded seeds.
The fruits are pendant and point downward. Chuoi Tay Rung means ‘western jungle
banana’. It is identified as Musa acuminata (AA). The male bud has purple-brown
bracts and the female flowers develop into small, yellow fruits with many angular
seeds.
The infection rate of the wild banana species was rather low: an average of 67
nematodes per 10 g of fresh roots, including Pratylenchus coffeae, Meloidogyne spp.,
Helicotylenchus multicinctus and Heterodera spp., were recovered from the roots. The
burrowing nematode R. similis was not found during the surveys. Pratylenchus coffeae
was the most abundant nematode species, present in more or less equal numbers in
the three areas and on the three banana species. Meloidogyne spp. were also
frequently found, but only in two of the three areas. They were most abundant in Ba
Be and were not present in Cuc Phuong. They were found on the three banana
species. Helicotylenchus multicinctus was found in Cuc Phuong and Ba Be, not in Lai
Chau. This nematode species was present on Chuoi Rung and Chuoi Rung Hoa Do.
It was not found on Chuoi Tay Rung, but this might be due to the absence of the
species in Lai Chau, which is the only area where samples of Chuoi Tay Rung were
taken and were no H. multicinctus was found on Chuoi Rung either. Heterodera spp.
were only found in Cuc Phuong. Chuoi Rung was the only banana species on which
samples were taken in this area.
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Table 1.

Average number of nematodes recovered from the roots of wild banana
species in north Vietnam.
Cuc Phuong
n

P. coffeae
Chuoi Rung
Chuoi Rung Hoa Do
Chuoi Tay Rung
Total
Meloidogyne spp.
Chuoi Rung
Chuoi Rung Hoa Do
Chuoi Tay Rung
Total
H. multicinctus
Chuoi Rung
Chuoi Rung Hoa Do
Chuoi Tay Rung
Total
Heterodera spp.
Chuoi Rung
Chuoi Rung Hoa Do
Chuoi Tay Rung
Total

m

Ba Be
n

Lai Chau

m

n

m

Total
n

m

17
0
0
17

30
30

24
10
0
34

27
29
27

19
0
8
27

32
33
33

60
10
8
78

29
29
33
30

17
0
0
17

0
0

24
10
0
34

26
128
56

19
0
8
27

7
10
8

60
10
8
78

12
128
10
27

17
0
0
17

29
29

24
10
0
34

6
3
5

19
0
8
27

0
0
0

60
10
8
78

10
3
0
8

17
0
0
17

11
11

24
10
0
34

0
0
0

19
0
8
27

0
0
0

60
10
8
78

3
0
0
2

n = number of valid value counts
m = average number of nematodes per 10 g of fresh roots

The roots of plants infected with P. coffeae showed root necrosis. The roots of plants
infected with Meloidogyne spp. showed root-knot galling. The swollen bodies of the
egg-laying females of Meloidogyne spp. and Heterodera spp. were visible on the
transverse section of the roots.
The girth of the plants and the number of fingers of the bunch were decreased by
infection with Meloidogyne spp.
2. Assessment of the occurrence and damage potential of nematodes on banana
cultivars in north and central Vietnam
From December 1998 to April 1999, five surveys were undertaken in six provinces in
north and central Vietnam. Samples were taken of three commonly cultivated
banana genotypes: Tieu (genome group AAA), Tay (genome group ABB) and Hot
(genome group BB). All three are traditional Vietnamese genotypes. Tieu is a
collective noun for a group of triploid (AAA) dessert bananas, used for home
consumption, for sale on the village markets and for export (to China and South
Korea and previously, to Russia). The pseudostem is sometimes used for pig
keeping. Tay is a triploid (ABB) dessert banana, also used for home consumption
and for sale on the village markets, but not for export. The male bud can be eaten as
a vegetable and the leaves are used as packing material. Hot is a semi-wild, semicultivated banana. The fruit is seedy and is not eaten, but can sometimes be used as a
medicine. The male flower bud and the central cylinder are eaten as a vegetable and

59

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

salad. The fruit and the pseudostem are fed to hogs and the leaves are used as
packing material.
The nematode species R. similis was not found during these surveys. The main
nematode species found were Meloidogyne spp., P. coffeae and H. multicinctus.
Meloidogyne spp. and P. coffeae were found in all the areas, while H. multicinctus was
present in Phu Tho, Thua Thien-Hue and Nghe An, but rarely found in Hoa Binh
and Hung Yen + Bac Ninh. A summary of the results is presented in Table 2.
Tay seemed to be the least susceptible genotype: the total number of nematodes of
this genotype was the lowest in Hoa Binh and Thua Thien-Hue. The three genotypes
seemed to be more or less equally susceptible to Meloidogyne spp., although Tay had
a significantly lower number of Meloidogyne spp. than the two other genotypes in
Thua Thien-Hue. In none of the areas, a significant difference in the number of P.
coffeae or H. multicinctus between the different genotypes was found.
Table 2. Average number of nematodes recovered from the roots of three commonly grown
banana cultivars in north and central Vietnam.
Number of nematodes per 10 g fresh roots
Province

Genotype

Phu Tho

Tieu
Tay
Hot

Group

Tieu
Tay
Hot
Tieu
Tay
Hot

n

m

s

n

m

s

n

m

168
186
186

a
a
a

20
21
14

324
206
376

a
a
a

20
21
14

2060
624
367

55

179

55

293

55

1081

AAA
ABB
BB

24
23
15

387
189
271

a
a
a

24
23
15

215
118
372

a
a
a

24
23
15

17
13
9

62

217

62

13

a
a
a

24
22
13

116
75
128

a
a
a

24
24
13

1
0
0

59

103

61

0

b
a
b

21
24
21

315
135
266

a
a
a

21
24
21

1535
233
206

66

234

66

639

a
a
a

27
27
25

187
132
172

a
a
a

27
27
25

419
305
165

79

163

79

300

62

286

AAA
ABB
BB

24
24
13

386
345
706

61

438

AAA
ABB
BB

21
24
21

401
201
337

66

308

AAA
ABB
BB

27
27
25

539
549
1100

79

720

Total
Thua Thien
Hue

Tieu
Tay
Hot
Total

Nghe An

Tieu
Tay
Hot
Total

H. multicinctus

20
21
14

Total
Hung Yen
+ Bac Ninh

P. coffeae

AAA
ABB
BB

Total
Hoa Binh

Meloidogyne
spp.

s

Total nematodes

n

m

a
a
a

20
21
14

2552
1017
929

55

1553

a
a
a

24
23
15

619
320
652

62

516

a
a
a

24
22
13

503
452
834

59

557

a
a
a

21
24
21

2252
569
808

66

1181

a
a
a

27
27
25

1145
968
1437

79

1183

s
a
a
a
b
a
b
a
a
a
b
a
b
a
a
a

n = number of valid value counts; m = average number of nematodes per 10 g of fresh roots; s = significance of the
differences between the genotypes per province and per nematode species: means in the same column followed by the
same letter do not differ significantly according to Kruskal-Wallis-Bonferroni (p ≤ 0.05).

Meloidogyne spp. seemed to be the most harmful nematodes when we looked at the
effect of the nematodes on the plant growth and bunch characteristics. Infection
could affect all the measured plant growth and bunch characteristics, dependent on
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the banana genotype. The harmful effect occurred already at low infection levels,
and did not increase much with higher infection levels.
From these surveys, Pratylenchus coffeae and H. multicinctus seemed less harmful.
They did not affect any of the measured plant growth and bunch characteristics.
However, we have to take into account that only non-toppled plants were sampled.
Especially P. coffeae is known to cause toppling-over of plants, and thus reduce the
yield substantially (Bridge et al. 1997; Gowen 1999; Brentu et al. 1999).
The root-knot galling (RKG) and the number of egg-laying females (ELF) were
correlated with the number of Meloidogyne spp. in the roots. A low number of
Meloidogyne spp. could have already a considerable effect on the RKG and the ELF,
and the effect increased with an increase in the number of Meloidogyne spp. The rootnecrosis index (RNI) was correlated with the number of P. coffeae in the roots. A low
number of P. coffeae was not yet very harmful, but the higher the number of P. coffeae
in the roots, the higher the RNI.
The nematode counts (after extraction from the roots) were more useful in assessing
the plant growth and the yield loss than the root damage parameters (RKG, ELF and
RNI). There was only a very weak correlation between the root damage parameters
and the plant growth and bunch characteristics. The root damage parameters can
however be used to assess the occurrence of different nematode species, and this
might give some information to the farmers about the possible yield loss. But
nematode extractions and counts in the laboratory will always be necessary to get a
more exact idea about the infection level and possible yield loss.
3. Assessment of the occurrence of Radopholus similis on bananas and other crops in
Vietnam
Until now, Radopholus similis has not yet been recorded on bananas in Vietnam,
although it is a very common nematode in most surrounding countries (Malaysia,
Thailand, Indonesia, etc.). Recently, a nematode population morphologically
strongly resembling R. similis has been found in roots of durian and another R.
similis-like population has been isolated from coffee roots. Both the infected fields are
situated in the western highlands of Vietnam. Interestingly, the origin of the R.
similis-like population from durian and coffee might be different. Most probably, the
population on durian has been imported with infected plant material from Thailand,
where R. similis is very common on several crops including banana. However, the R.
similis-like population in coffee has been recovered from roots of coffee shrubs
planted in recently cleared land covered before with natural vegetation, suggesting
that this R. similis-like population is present in the natural vegetation in Vietnam.
This last finding is very surprising, because R. similis has never been found
associated with bananas in Vietnam, which are cultivated countrywide, often on
land cleared of natural vegetation.
In January 2001, a survey will be carried out in the western highlands to assess the
occurrence of R. similis on different crops. Samples will be taken of coffee, bananas,
wild vegetation and, if allowed by the Quarantine Department, durian. The
objectives are:

61

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

1) to find out if the R. similis-like populations are indeed R. similis,
2) if it is R. similis, to see if they also occur on bananas,
3) if they are not found on bananas, to find out why they did not spread to bananas.
The R. similis-like populations will be collected, identified at the morphological level
and compared at DNA-level with R. similis populations from Thailand and
Australia. They will be cultured on carrot discs under in vitro conditions and their
biology and pathogenicity will be studied.
4. Collection and establishment of in vitro cultures of Pratylenchus coffeae and R. similis
populations on carrot discs
Different populations of P. coffeae and, if present, R. similis will be collected and
cultured on carrot discs under in vitro conditions.
Until now, one population of P. coffeae collected from the area around Hanoi and one
from Phu Tho province are established on in vitro cultures. They are being
maintained at 28ºC and subcultured every 10 to 12 weeks. These cultures are used as
stock cultures for the storage of nematodes and for mass propagation for use in
experiments.
5. Collection and establishment of in vivo cultures of Meloidogyne spp. on tomato plants
A population of Meloidogyne spp. was collected from Ha Bac province and is being
maintained on the roots of tomato plants in the greenhouse. They are subcultured
every eight weeks. These cultures are used as stock cultures for the storage of
nematodes and for mass propagation for use in experiments.
6. Field experiment to assess the damage and yield loss potential of P. coffeae and
Meloidogyne spp. on bananas
In March 2001, a field experiment with four commonly cultivated genotypes will be
planted. One third of the plants will be inoculated with P. coffeae, one third with
Meloidogyne spp. and one third will be kept nematode-free (control). Data to assess
the damage and yield loss potential of P. coffeae and Meloidogyne spp. will be
collected six months after planting and at harvest.
7. Population-dynamics field experiment to follow the development of a P. coffeae
population through time
In September 2000, a field was planted with 60 plants of the genotype Voi (AAB) and
inoculated with 1700 vermiforms of P. coffeae. Every five weeks, 10 plants will be
selected randomly and samples to assess the development of the P. coffeae population
through time will be taken.
8. Population-dynamics greenhouse experiment to study the effect of plant age at the
moment of inoculation on the development of a P. coffeae population
In July 2000, 160 plants of the genotype Ngop Dui Duc (ABB) were transferred to
pots in the greenhouse. Every week, for a period of 10 weeks, eight plants were
inoculated with 1000 vermiforms of P. coffeae and eight plants were harvested to
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collect some shoot and root growth data. Twelve weeks after inoculation, the
number of nematodes in the roots of the inoculated plants will be determined, and
the relation between the root and shoot development of the plants at the moment of
inoculation and the development of P. coffeae after 12 weeks will be examined.
9. Population-dynamics greenhouse experiment to study the effect of temperature on
the development of a P. coffeae population
Every month, for a period of one year, 10 plants of the genotype Ngop Dui Duc
(ABB) will be transferred to pots in the greenhouse. Four weeks after planting, the
plants will be inoculated with 1000 vermiforms of P. coffeae. Twelve weeks after
inoculation, the number of nematodes in the roots of the inoculated plants will be
determined, and the relation between temperature and the development of P. coffeae
will be examined.
10. Screening of Vietnamese Musa germplasm for resistance and/or tolerance to P.
coffeae and Meloidogyne spp. in the greenhouse
In 1998 and 1999, two screening experiments with Meloidogyne spp. and two with P.
coffeae were carried out in the greenhouse. Nineteen banana accessions from
Vietnam, from the AA, AAA, AAB and ABB group, were evaluated for
resistance/tolerance to Meloidogyne spp. and P. coffeae under greenhouse conditions.
Infection with Meloidogyne spp. could result in an increase in the weight of the root
system and a decrease in the number of standing leaves, but further research is
needed. There was never an effect of infection with Meloidogyne spp. on the plant
height, the shoot weight or the girth of the plants (Table 3). There was indication that
Ngu Thoc shows some resistance to Meloidogyne spp., while Tieu Vua Trang, Com
Chua and Ben Tre are very susceptible to Meloidogyne spp. Yangambi Km 5, Man,
Ngu Thoc and Tay showed some tolerance to the gall-forming activity of Meloidogyne
spp, while Voi and Ben Tre were highly sensitive to the gall-forming activity of
Meloidogyne spp. (Table 4).
Table 3. Results of the general data of the experiments with Meloidogyne spp.
Plant height
(cm)

Experiment 1998
Not infected with Meloidogyne spp.
Infected with Meloidogyne spp.
Experiment 1999
Not infected with Meloidogyne spp.
Infected with Meloidogyne spp.

A
27.6
27.8
F
28.2
27.5

a
a
a
a

Shoot
weight (g)

B
81.8
79.0
G
117.2
112.8

a
a
a
a

Root
weight (g)

C
28.3
31.6
H
52.6
54.7

a
b
a
a

Standing
leaves

D
6.7
6.2
I
5.7
5.7

b
a
a
a

Girth
(cm)

E
8.2
8.3
J
10.5
10.4

a
a
a
a

A, D, E, I, J: Data were not transformed before analysis. B, F, H: Data were log10x transformed before analysis. The
untransformed data are presented in the table. C, G: Data were square root transformed before analysis. The
untransformed data are presented in the table. Means in the same column followed by the same letter do not differ
significantly according to Tukey (A, B, C, F, G, H) or KW-Bonferroni (D, E, I, J) for α = 0.05.
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Table 4.

Results of the damage assessment and nematode reproduction data of the
experiments with Meloidogyne spp.

Name

Experiment 1998
Tay But
Ngu Tien
Tieu Mien Nam
Tieu Xanh
Tieu Cao
Cao Hong
Xiem Mat
Voi
Gao
Ngop Lun
FHIA-23
Kluai Hom Khom
Yangambi Km 5
Total
Experiment 1999
Com Lua
Ngu Thoc
Tieu Vua Trang
Ben Tre
Man
Com Chua
Tay
Ngop Cao
Gros Michel
Grande Naine
Total

Group

AA
AA
AA
AAA
AAA
AAA
AAB
AAB
ABB
ABB
AAAA
AAA
AAA

AA
AA
AAA
AAA
AAB
AAB
ABB
ABB
AAA
AAA

Percentage
of dead
roots (%)

A
2.2
0.9
1.5
5.4
2.0
7.4
2.2
3.1
2.0
2.0
4.3
2.2
2.5
2.9
F
4.5
1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.7

a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a

RKG

(1)

B
2.0 ab
1.7 ab
2.2 ab
2.4 ab
2.8 ab
2.6 ab
2.7 ab
2.9 b
2.8 ab
2.6 ab
2.6 ab
2.3 ab
1.4 a
2.4
G
0.8 ab
0.4 a
1.5 ab
1.9 b
0.2 a
0.6 ab
0.4 a
1.0 ab
0.7 ab
0.5 ab
0.8

ELF

Nematodes
per 10 g of
roots

(2)

C
4.3
3.6
3.9
4.0
3.6
3.6
3.5
4.5
4.0
3.9
3.9
4.0
3.6
3.9
H
1.0
0.5
1.3
1.7
0.2
0.5
0.2
0.5
0.8
1.0
0.8

a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a

D
7 057
7 039
7 813
8 579
5 896
6 552
8 003
8 699
3 676
4 939
5 252
4 213
6 707
6 493
I
3 320
1 431
4 368
4 056
2 347
3 052
1 308
2 508
1 468
2 360
2 661

a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
a

Nematodes per
root system

E
17 036
21 385
21 626
17 448
21 918
23 213
30 107
26 333
14 185
15 870
17 688
11 835
21 371
19 990
T
J
14 096 a
6 317 a
28 154 a
18 630 a
12 020 a
27 297 a
7 252 a
14 403 a
7 163 a
9 260 a
15 039

a
a
a
a
a
a
a
a
a
a
a
a
a
D
ab
a
b
b
ab
b
ab
ab
ab
ab

A, B, C, F, G, H: Data were not transformed before analysis. D, E, I, J: Data were log10(x+1) transformed before analysis.
The untransformed data are presented in the table. Means in the same column followed by the same letter do not differ
significantly according to Tukey (D, E, I, J), Duncan (J) or KW-Bonferroni (A, B, C, F, G, H) for α = 0.05.
(1) 0 = no galling; 1 = trace infections with a few small galls; 2 = < 25 % roots galled; 3 = 25 - 50 % roots galled; 4 = 50 75 % roots galled; 5 = > 75 % roots galled.
(2) 0 = no egg masses; 1 = 1 - 2 egg masses; 2 = 3 - 10 egg masses; 3 = 11 - 30 egg masses; 4 = 31 - 100 egg masses; 5 = >
100 egg masses.

Infection with P. coffeae could result in a decrease in the height of the plants and the
shoot weight, but further research is needed. There was never an effect of infection
with P. coffeae on the weight of the root system, the number of standing leaves or the
girth of the plants (Table 5). Ngop Lun, Voi and Ngop Cao were very susceptible to
P. coffeae. There was indication that Yangambi Km 5 and Tieu Xanh show some
resistance to P. coffeae. Ngop Cao and Yangambi Km 5 were the only possible sources
of tolerance found in the experiments (Table 6).
Further research and screening experiments are certainly needed. Since the numbers
of nematodes found in the root system were in general very low, even on the highly
susceptible reference genotype Grande Naine, research on pathogenicity
(reproductive and damage potential) of the P. coffeae population used in the
experiments might reveal some interesting information.
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In 2000, seven AB and wild genotypes were screened for resistance and/or tolerance
to P. coffeae and Meloidogyne spp. Preliminary investigation of the raw data indicates
the existence of major differences in resistance and/or tolerance of the genotypes to
P. coffeae, but not to Meloidogyne spp. The data still need however to be analysed in
detail.
Table 5.

Results of the general data of the experiments with P. coffeae.

Experiment 1998
Not infected with P. coffeae
Infected with P. coffeae
Experiment 1999
Not infected with P. coffeae
Infected with P. coffeae

Plant height
(cm)

Shoot
weight (g)

Root weight
(g)

Standing
leaves

Girth
(cm)

A
22.4
21.3
F
30.9
30.6

B
52.7
47.2
G
124.7
119.4

C
16.6
15.4
H
57.0
53.2

D
6.5
6.4
I
5.5
5.4

E
6.7
6.5
J
8.2
8.1

b
a
a
a

b
a
a
a

a
a
a
a

a
a
a
a

a
a
a
a

A, B, G, H: Data were square root transformed before analysis. The untransformed data are presented in the table.
C: Data were cube root transformed before analysis. The untransformed data are presented in the table. F: Data were
log10x transformed before analysis. The untransformed data are presented in the table. D, E, I, J: Data were not
transformed before analysis. Means in the same column followed by the same letter do not differ significantly according
to Tukey (A, B, C, F, G, H) or KW-Bonferroni (D, E, I, J) for α = 0.05.

Table 6.

Results of the damage assessment and nematode reproduction data of the
experiments with P. coffeae
Name

Experiment 1998
Tay But
Ngu Tien
Tien
Tieu Xanh
Tieu Cao
Cao Hong
Xiem Mat
Voi
Gao
Ngop Lun
FHIA-23
Kluai Hom Khom
Yangambi Km 5
Total
Experiment 1999
Tay But
Com Lua
Ngu Thoc
Tieu Mien Nam
Tieu Vua Trang
Cao Hong
Man
Com Chua
Ngop Cao
Yangambi Km 5
Gros Michel
Grande Naine
Total

Group
AA
AA
AA
AAA
AAA
AAA
AAB
AAB
ABB
ABB
AAAA
AAA
AAA

AA
AA
AA
AA
AAA
AAA
AAB
AAB
ABB
AAA
AAA
AAA

Percentage of
dead roots (%)
A
1.7 a
0.9 a
1.8 a
4.5 a
0.0 a
0.0 a
1.4 a
7.1 a
1.7 a
1.0 a
0.7 a
0.0 a
0.0 a
1.4
E
0.0 a
0.0 a
1.8 a
0.0 a
2.9 a
0.0 a
0.0 a
0.0 a
0.0 a
3.8 a
0.0 a
0.0 a
0.7

RNI (%)
B
1.9
0.6
1.9
0.3
0.9
0.3
0.9
12.8
2.2
8.7
1.7
1.2
0.1
2.3
F
0.0
0.2
0.5
0.2
0.7
0.8
0.0
0.3
0.7
0.0
0.0
1.6
0.4

ab
ab
ab
ab
ab
ab
ab
ab
ab
b
ab
ab
a

a
a
a
a
a
a
a
a
a
a
a
a

Nematodes
per 10 g of roots
C
94 ab
146 ab
93 ab
65 a
129 ab
124 ab
344 ab
2 297 b
2 031 ab
2 840 b
393 ab
601 ab
29 a
662
G
60 ab
28 a
28 a
16 a
48 ab
72 ab
16 a
16 a
534 b
12 a
20 a
36 a
75

Nematodes
per root system
D
114 abc
208 abc
174 abc
69 ab
221 abc
313 abc
648 abc
2 894 bc
3 890 abc
5 027 c
658 abc
577 abc
42 a
1 093
H
247 ab
115 a
153 a
75 a
228 ab
425 ab
121 a
109 a
2 886 b
46 a
105 a
118 a
390

Means in the same column followed by the same letter do not differ significantly according to KW-Bonferroni for α = 0.05.
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11. Screening of Vietnamese Musa germplasm for resistance and/or tolerance to P.
coffeae and Meloidogyne spp. in the field
In 1998, a field was planted to screen 13 genotypes for resistance and/or tolerance to
Meloidogyne spp. Of every genotype, 10 plants were inoculated with 5000 juveniles
and eggs. During a period of two years, every four months root samples were taken
and data to assess the damage caused by the nematodes were collected. All the data
are collected, but they still need to be analysed.
In 1999, a field experiment to screen banana genotypes for resistance and/or
tolerance to P. coffeae was carried out. Ten plants of every genotype were inoculated
with 1000 vermiforms of P. coffeae. Eight months after planting, root samples were
taken. Surprisingly, no nematodes were found in the roots of the plants. It is thought
that the extremely cold and long winter with a lot of flooding has been detrimental
to the nematodes.
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Banana research and development programme in India and
highlights of NRCB-INIBAP collaborative projects

S. Sathiamoorthy, S. Uma & R. Selvarajan1

Introduction
Banana has occupied a top position in India’s booming fruit industry with an annual
production of 13.5 mt from an area of 4.0 lakh ha. But India has a vision for increasing
the production to 25 mt by the end of 2020 AD and has been addressed systematically
during the last decade. This is witnessed in the steady increase in production and
productivity and presently touching 13.5 mt. But still there is a long way to go to achieve
target yield potential, which is being threatened from time to time by various biotic and
abiotic stresses associated with banana production.
Research and development programmes: Objectives of Musa improvement
programme in India
Earliest banana improvement programme in India started in the year 1949 at Central
Banana Research Station in Aduthurai in Tamil Nadu. The programme continued in
Tamil Nadu Agricultural University after its formation in 1971. Improvement was also
initiated in Kerala Agricultural University in Thrissur in 1982. National Research Centre
on Banana (NRCB), Trichy, established by the Indian Council of Agricultural Research
(ICAR) in 1993, has also initiated and pursuing banana improvement programmes,
coordinating at national level. Viewing the polyclonal situation in India and the research
needs, the objectives of banana improvement programme at national level are:
1. Collection, conservation and evaluation of Musa germplasm with complete
documentation
2. Screening of germplasm for their reaction to pests and diseases
3. Identification of accessions resistant/tolerant to major production constraints like
fusarium wilt (Fusarium oxysporum f.sp. cubense), leaf spot diseases and nematodes
(Radopholus similis, Meloidogyne incognita and Pratylenchus coffeae)
4. Hybridization and selection to evolve potential synthetic diploids and primary
tetraploids to further generate triploid hybrids having good horticultural traits
coupled with resistance or tolerance to pests and diseases
5. In vitro approaches to create variability complementing current breeding
programmes

1

National Research Centre for Banana, Trichy-620017, India
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Explorations and germplasm collection
In explorations conducted by National Bureau of Plant Genetic Resources (NBPGR) in
collaboration with IIHR, Bangalore in northeastern states of Assam, Arunachal Pradesh
and Meghalaya led to the identification and collection of 60 accessions. Collection
expeditions were also made in 1990 by NBPGR regional station, Thrissur and local
accessions were collected. Exploration expeditions conducted in 1999 by NRCB in three
northeastern states, Assam, Arunachal Pradesh and Meghalaya led to the collection of
accessions including both wild and cultivated types. Though there are earlier reports
about Indian variability with respect to section Rhodochlamys apart from Eumusa, the
recent explorations made by NRCB have confirmed the occurrence of Rhodochlamys and
many types of Musa ornate, Musa velutina in the forests of Arunachal Pradesh and
Assam. Occurrence of Ensete glaucum has been reported for the first time in India by
NRCB during these explorations.
NRCB has an exclusive collection of 690 accessions representing various sections,
species and genomic groups. The accessions are maintained in duplicates under various
agroclimatic zones in the country. The details are provided in Table 1.
Table 1. Varietal holdings of banana field genebanks in India.
Genebank

State

No. of
accessions

Zone

NRCB, Trichy

Tamil Nadu

690

South India

TNAU, Coimbatore

Tamil Nadu

127

South India

BRS, Kannara

Kerala

212

South India

BRS, Kovvur

Andhra Pradesh

160

South India

GAU, Gandevi

Gujarat

86

West India

IIHR, Bangalore

Karnataka

320

South India

AAU, Jorhat

Assam

96

Northeastern India

AAU, Kahikuchi

Assam

87

Northeastern India

Clonal selections
At NRCB, emphasis was laid on identifying the accessions from the genepool to
substitute the local commercial accessions with better traits. Musa genepool was
evaluated for a number of characters like growth and yield parameters, tolerance to
biotic and abiotic stresses, breeding behaviour, etc. to explore the possibility of utilisation
in improvement programmes, either through direct selection or in conventional breeding
programmes. The evaluation of germplasm led to the identification of five indigenous
and three exotic accessions from ITC collections, which are promising to adapt to
marginal growing conditions in India.
A high-yielding diploid accession of Sanna Chenkadali (AA), which was observed to be
highly resistant to leaf diseases and field tolerant to nematodes, infectious chlorosis and
shade, is also highly resistant to bacterial heart rot disease caused by Erwinia. However,
due to poor pollen production and female fertility, it could not be utilised so far in the
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breeding programmes and efforts are presently underway to produce tetraploid forms of
this resistant source by in vitro polyploidisation. Embryo abortion leading to empty
seeds is a common feature in this clone. Other clonal selections have also been made in
Cavendish group and two potentially high yielding selections - one each from Grande
Naine and Giant Cavendish are under advanced stages of evaluation. Other selections
under different stages of evaluation under All India Coordinated Research Projects
(AICRP) on Tropical Fruits are mentioned below.
Table 2. Promising accessions under evaluation for commercial exploitation.
Accession
number

Genomic group/
Subgroup

Utility

Superiority of traits

0016

ABB-Monthan

culinary

High yielding, shorter crop cycles of both
main crop and ratoon, yield stability over
years

0030
0079

ABB-Silk
ABB-Pisang Awak

dessert
dual

0052

ABB-Ash Monthan

culinary

0252

ABB-Bontha
(unique)
AAAB-Pome
(exotic)

culinary

ABB-Bluggoe
(exotic)
ABB-Bluggoe
(exotic)

dual

High yielding and good fruit quality
Dwarf stature, high yielding, yield
stability over years & tolerance to yellow
sigatoka
Highly tolerant to sodicity, yield stability
over years & good quality fruits
Consistently high yielding, good quality
fruits, suited to sodic soils
Tolerance to black sigatoka, tolerance to
fusarium wilt, dwarf stature, suited to
windy areas without requirement of
support
High yielding, tolerance to sodicity, yield
stability
High yielding, highly tolerant to sodicity,
yield stability and suitability to marginal
conditions

0626

0634
0636

dessert

dual

Clonal selections were also made in Cavendish group and two potentially high yielding
selections; one each from Grande Naine and Giant Cavendish has been made.
Unfortunately, these high yielding clonal selections of Cavendish group are highly
susceptible to nematodes and leaf inspite of their very high yielding potential of up to 60
kg.
Hybridisation programme
Though breeding programme in India was started as early as 1949 at CBRS, Aduthurai, it
had no significant results since the programme lacked defined objectives. However, it
generated a lot basic information on cytogenetical aspects, which were found useful in
formulating better strategies for Musa improvement programmes. Systematic work was
initiated on banana breeding in TNAU, KAU and later at NRCB.
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Improvement in Pome (AAB) group
They are one of the elite groups favoured in southern India. Pome cultivars are generally
grown in cool mid hill ranges where they develop characteristic flavour and taste. An
attempt was made to improve a pome cultivar called Kallar Ladan. One of the AB
hybrids from the cross Kallar Ladan (AAB) x M. balbisiana clone Sawai was used to cross
with cv. Kadali (AA) to develop an AAB Pome hybrid. This was later released for
commercial cultivation as Co-1 banana. This belongs to Pome group and closely
resembles Virupakshi (AAB-Pome), another popular hill banana in Tamil Nadu. It
retains the typical acid/apple flavour of Virupakshi even when grown in plains contrary
to Virupakshi, which develops aroma only when grown at higher altitudes.
H-1 (Agniswar x Pisang Lilin): It is a promising hybrid owing to short cropping cycle,
immunity to leaf spot, fusarium wilt and burrowing nematode (Radopholus similis). It is a
medium tall plant, supporting 14-16 kg bunch without propping. Elongated fruits turn
attractive golden yellow upon ripening. It is slightly acidic which vanishes upon full
ripening with high sugar content. H-1 has a remarkable faster rate of ratooning ability
completing four crop cycles in three years. Multilocational trials have shown its
acceptability among growers and consumers especially in Andhra Pradesh. Immunity to
leaf spot diseases, one of its unique traits, has made this hybrid highly appreciable
among growers.
Improvement of Mysore (AAB) group
The hybrids produced from the crosses of Palayankodan (AAB) x Pisang Lilin (AA) were
all tetraploids (AAAB) with tall stature. The ploidy level and genomic status were
confirmed by chromosome counts and taxonomic scoring. All of them recorded a low
incidence of leaf spot disease compared to the susceptible female parent. The hybrids
resembled Palayankodan morphologically and some of them were superior to it in terms
of yield and fruit quality. The majority of hybrids were found to be female fertile and are
in the process of further improvement.
H-2: A hybrid of Vannan x Pisang Lilin developed at Banana Research Station (KAU)
Kannara is a medium-statured plant growing up to 2-2.5 m. Crop cycle is short, only 1112 months. The bunch weight ranges from 15-20 kg with short, stout, dark green Poovanlike fruits, which are arranged very compactly. Fruits are slightly acidic with pleasant
sweet-sour aroma. Its immunity to leaf spot diseases and nematodes makes it a suitable
for subsistence cultivation.
Table 3. Bunch characters and quality of hybrids and their parents.
Hybrids
Days to Harvest
Bunch weight
No. of fingers
IC

IR

IIR

IC

IR

IIR

IC

IR

TSS

Acidity

IIR

H1
322
193
187
12.4
14.8
14.7
113
111
116
27.4
0.29
H2
329
286
252
14.4
15.0
15.5
179
182
198
25.6
0.25
Agniswar
368
220
212
6.9
6.2
6.8
105
87
90
26.7
0.28
Vannan
356
225
220
7.6
7.8
6.7
108
85
86
25.1
0.28
Pisang Lilin
242
157
146
4.7
4.9
4.0
60
65
52
27.6
0.24
IC-plant crop; IR-first ratoon; IIR-second ratoon; H1- (Agniswar x Pisang Lilin); H2- (Vannan x Pisang Lilin);
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Secondary triploids were produced from the primary tetraploid hybrids by crossing
with acuminata diploids like Pisang Lilin, Matti (AA), Tongat (AA) and Sanna
Chenkadali (AA). The hybrids evolved were triploids with tolerance to leaf spot disease.
The bunch weight varied from 5 to 15 kg in the hybrids, but the fruits were smaller in
size than that of Palayankodan. The fruits developed golden yellow colour with less
acidity and better keeping quality. Synthetic diploids with good bunches and resistance
to leaf spot diseases were also evolved which could be used as male parents in further
hybridisation programme involving commercial plantain cv. Nendran.
Diploid breeding

Diploid breeding primarily involved the use of Anaikomban, Namarai, Erachi Vazhai,
Pisang Lilin and Tongat (all AA) as male parents with Matti (AA) as female parent.
Matti is resistant to leaf spot diseases while Anaikomban (AA) is resistant to nematodes.
Namarai was also chosen, as it was relatively free from Panama disease and tolerant to
nematodes. The diploids, Pisang Lilin and Tongat were known for their resistance to
nematodes and Panama disease.
The diploid hybridisation work does not always result in pure diploid progenies.
Frequently, due to single and double restitution, occurrence of triploids and penta
polyploids were also encountered among the generated hybrids. Many of the synthetic
diploids have been found to have good resistance to burrowing nematode, sigatoka
diseases and fusarium wilt. Among these, the following diploids were found to produce
bunches of acceptable size with resistance to sigatoka and burrowing nematode with
sufficient male and female fertility.
Table 4. Promising synthetic diploids.
Hybrid
H.59 (AA)
H.65 (AA)
H.109 (AA)

Cross combinations
Matti x Anaikomban
Matti x Anaikomban
Matti x Tongat

Chief traits
Acceptable bunch characters with
resistance to sigatoka and
burrowing nematodes

Screening of some of the synthetic banana hybrids and their parents against fusarium
wilt of banana (Fusarium oxysporum f.sp. cubense, race 1) under artificial conditions was
taken up during 1999-2000. The hybrids namely, H.65, H.103, H.109 and H.201 and
parents viz. Anaikomban, Pisang Lilin and Robusta exhibited distinct resistant
reactions.
Some of the new progenies evolved by inter diploid crosses involving diploids
synthesised earlier were also evaluated. Preliminary investigations indicate that the
hybrids H. 201 x Anaikomban (tetraploid) and H-59 x Ambalakadali to be highly
resistant to sigatoka diseases. The newly evolved synthetic hybrids viz., H-203, H-205,
H-205, H-207 and H-213, H-234 and H-237 also appear to have higher tolerance to
nematodes. The hybrids H-203 and H-218 also exhibit higher resistance to sigatoka leaf
diseases.
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In vitro breeding strategies
Mutation breeding
The in vitro breeding strategies involve creation of variability in four commercial
varieties by induction of mutations using gamma rays and increasing the ploidy level by
using antimitotic agents in the culture media. From the M1V1 generation, six improved
somaclonal variants cv. Robusta and two somaclonal variants of cv. Rasthali were
selected. In a follow up study, from the M1V2 generation, three more superior variants
of cv. Robusta have been identified. These selections are now being forwarded for
intensive screening and evaluation further.
The original red colouration of the fruit skin of diploid Sanna Chenkadali (AA) was
found reverted to green in few of the plants in the M1V1 generation. Such colour
reverted mutants remained stable even in M1V2 generation. The pollen and female
fertility status of these variants were also very low as that of the original parent.
However, intensive screening is now in progress to identify possible promising variants
with pollen/ovule fertility coupled with resistance to biotic stresses for future breeding
programmes.
In vitro induction of tetraploidy from diploid bananas
To overcome sterility problems in some of the diploid clones of potential breeding value
viz., Sanna Chenkadali (AA), Anaikomban (AA), Kunnan (AB), in vitro mutagenesis
approach is being resorted. The shoot tips of the diploids were treated with the
antimitotic agents (oryzalin 30µM or 0.1% colchicine) and then cultured in vitro, or were
inoculated on culture medium supplemented with any one of the antimitotic agents.
The cultures have been established. The verification of their ploidy status will be taken
up after regeneration and in vivo establishment.
Somatic embryogenesis
Attempts have been made to induce somatic embyogenesis involving the induction of
embryogenic pathway in the competant cells of male floral buds. Three commercial
cultivars were tried with the procedure involving the axenic isolation of the immature
male floral buds and culturing in a mixture of auxins like 2,4-D, 2,4,5-T, Dicampa and
piclogram either alone or in combinations (Anon 1999).
Banana production and management
Production of organic bananas
India has polyclonal situation with multiple production systems based on resource
availability, cultivars, traditions and marketing which have its own merits under the
situation. In Maharashtra and Gujarat (W. India), banana is grown in rotation with one
plant crop while a tall cultivar is maintained for 4-5 years in other parts of the country.
Wetland banana, having deep trenches after every two rows is common in Tamil Nadu,
Kerala and parts of Karnataka. Gardenland is widely adopted system of production
while planting on hill slope is common in Tamil Nadu, Karnataka and northeastern
regions and normally, cultivars adopted in this system need low inputs.

73

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Banana is also grown as subsistence crop in homestead garden or as shade or nurse crop.
Mixed cropping with arecanut and coconut is practiced in Kerala, coastal Karnataka,
Tamil Nadu, West Bengal and Andhra Pradesh. In commercial planting, banana is
invariably managed with high inputs. In reviewing the production system in the country,
it is apparent that these systems have their own merits in a given situation and would
need improvement through development of production technologies.
In cropping systems research, banana-based cropping system is gaining popularity with
an increasing awareness to organically grown crops. The sudden shift from chemical
based intensive farming to organic farming has resulted in fall in production to a tune of
30%. But with modified cropping systems the yield gap is being reduced systematically
and this is favoured by the changes taking place in the soil ecosystem owing to organic
cultivation. Favourable attention with awareness and better prices offered for organically
grown bananas help to compensate the initial decline in yields. With increased
awareness, there is a slow shift to biofertilizers, biopesticides, lesser-known organic
composts like coir pith compost, vermi compost, etc. among the peasantry nature of
banana growers in India.
In a unique production system, wetland system of cultivation in the delta regions,
organic production of bananas is already in vogue. Trenches of 60 cm deep are dug after
every 4-5 plants along rows and columns. These trenches are useful for irrigation and
drainage. In this system after the harvest the mother plant and unwanted suckers are
chopped and dumped in the trenches. This biomass is allowed to rot and the
decomposition is hastened by creating anaerobic conditions and use of Pleurotus fungus
(oyster mushroom). Trials are underway in optimizing the suitable conditions for
effective and faster decomposition.
Integrated production and management
Banana cultivation has been facing severe cost constraints due to labour intensive
operations, such as annual planting system, manuring, weeding, irrigation practices and
removal of older clumps after harvesting. Efforts to develop suitable technology package
to extend the crop cycles through better clump management, adopting integrated
production practices in order to reduce cost of production are under way. High density
planting offers scope for increasing the productivity and reducing the cost of production.
Drip irrigation and fertigation systems have proved to be of great success in terms of
water saving (40-70%) and maximizing fertilizer use efficiency. Hence, high density
planting with application of fertilizers through drip irrigation system would be more
purposeful for enhancing and sustaining productivity.
With the ever-increasing cost of production due to high cost of labour, it becomes
necessary to evolve production strategies that could reduce labour intensiveness by way
of extending the crop cycles for more than 2-3 seasons (ratooning). Presently, the popular
cultivars Robusta (AAA-Cavendish) and Nendran (AAB-Plantain) are annually
replanted. In the context of developing a new production system adopting high planting
density and fertigation practices, ratooning has become necessary to reduce the cost of
production.
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Pest and diseases
Over a period of time, along with Musa evolution, many pests and diseases have also
become serious threats for banana cultivation. Among pests, weevils and nematodes,
while among diseases, leaf spot diseases, fusarium wilt and viral diseases cause problem
in the order of priority. Owing to polyclonal system of cultivation, production
constraints as biotic stresses vary with regional level, like scarring beetle menace, a
serious threat in northeastern India over any other pests and diseases.
•

IMTP phase II

IMTP sigatoka trial conducted at NRCB revealed that PA-03-22, FHIA-03, cultivar Rose,
Yangambi Km5, Pisang Jari Buaya and Pisang Lilin did not show any sigatoka leaf spot
symptoms. FHIA-01, FHIA-23, EMB-402, GCTCV-119, GCTCV-215, Burro Cemsa, Saba,
Bluggoe and Williams were found susceptible. Pisang Nangka and Pisang Mas had
more YLS and less disease severity and were considered tolerant. The sigatoka leaf spot
th
incidence was recorded at 7 month after planting. Accessions, cultivar Rose, Yangambi,
PA-03-22 and FHIA-3 did not show leaf spot symptoms. The other accessions had
various level of infection index. PV-03-44 had some other leaf spot disease not typical of
sigatoka. Pisang Mas, FHIA-01 and Pisang Nangka had 15.84, 9.0 and 12.11 infection
indices, respectively. All other accessions had infection index above 21.0.
•

Fusarium wilt

Fusarium wilt caused by Fusarium oxysporum f.sp. cubense continues to pose threat
among commercial Indian cultivars. Twenty-two percent of total banana production
remains at the mercy of this pathogen which include popular cultivars like Silk (AAB),
Ney Poovan (AB), Red Banana (AAA), Pome (AAB), Pisang Awak (ABB) and all cooking
bananas. All these years, race 1 and 2 were reported to attack the above cultivars while
recently Poovan (Mysore, AAB) has lost its immunity and sporadic reports of fusarium
wilt on immune Mysore group is also being received. Widespread occurrence of
nematodes in all types of soils acts as a predisposing factor for fusarium wilt occurrence.
This is accentuated by perennial cultivation in hills while wetland cultivation system has
a check on its rapid spread. Integrated disease management of the disease seems to be
the only alternative complemented with research on development of resistant clones.
Use of biocontrol agents is gaining momentum in control of the disease. NRCB strongly
recommends corm injection of 3 ml of 0.2% Carbendazim through extension activities. A
large project on evaluation of efficacy of biocontrol agents under various production
systems is under progress.
Fusarium wilt was taken up in a farmer’s field during 1999-2000. As the soil is naturally
loaded with inoculum, there was no need for artificial inoculation. Artificial inoculation
was also not made due to safety reasons to farmers. The results revealed that only one
plant, i.e. Gros Michel (AAA), was affected with wilt.
•

Nematode management

Extensive survey has indicated the presence of 71 species belonging to 33 genera of plant
parastic nematodes. Radopholus similis is most important followed by Pratylenchus coffeae,
Helicotylenchus, Meloidogyne incognita, Heterodera oryzicola and Rotylenchus reniformis. In
evaluating varietal resistance to nematodes, the concept of Root Vigour Index is
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emphasised to assess comparative reaction to nematodes with respect to economic yield
loss. In commercial clones, yield loss assessment is to the tune of 20-60% due to
nematodes and up to 100% in places where nematode-wilt complex is well built up.
Screening of accessions at NRCB field genebank resulted in the identification of 22
accessions belonging to various genomic groups to be resistant to major nematodes in
field condition. Some of them are Paka, Kunnan, Sanna Chenkadali, Vadakkan Kadali,
Anaikomban, Hatidat, Yangambi Km5, etc.
Crop duration and use of repelling intercrops have found to be a component of
integrated management practice for nematodes. Breeding work is being initiated using
resistance diploids. Some of the synthetic acuminata diploids developed (H-59, H-65 and
H-109) have exhibited resistance to nematodes and are under different stages of field
evaluation.
•

Weevil borers

Among the insect pests affecting banana and plantains in India corm weevil and stem
borers have assumed importance lately. They are gradually spreading to other banana
growing areas with increased severity.
Among the two weevils, stem weevil (O. longicollis) is considered more serious one
causing crop losses as high as 80%. The pest has a special preference to plantains,
though it also affects other commercial cultivars like Robusta, Red Banana, Rasthali,
Virupakshi and Pisang Awak. Its spread is also much faster. Scanning electron
microscope (SEM) studies on this pest showed that the rostrum has got special
structures, which enable the pest to recognise the favourable host cultivars. The adult
lives for about two years feeding on dry trash. Though injection of monocrotophos into
the pseudostem appears to check the incidence, complete control of the pest appears
difficult.
NRCB has already initiated studies to identify resistant lines, which can be used in
breeding programmes. Many synthetic diploids (AA) and cv. Sanna Chenkadali (AA),
Anaikomban and Kunnan groups (AB) have remained unaffected by the pest.
Thrust areas
Crop improvement
1. Development of durable resistance to leaf spot diseases
2. Breeding for resistance to nematode and wilt complex
3. Development of resistance to stem weevil in plantains and certain banana cultivars
4. Search for sources and alternate sources of resistance for wilt, leaf spot diseases,
nematodes and weevils (stem and corm) through prospection, collection and
evaluation
Production technology
1. To increase the production and productivity of banana and plantain through
modified high density planting, clump management with more crop cycles
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2. To formulate an integrated production system approach for export-oriented banana
including standardising heat unit based maturity index and packaging
3. Production of organic bananas with better cost-benefit index
Crop protection
1. Development of integrated pest management including resistant cultivars, biocontrol
agents, chemicals and production systems.
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Banana R&D in the Pacific islands: Status report
Tom Osborn1

Introduction
The Pacific island countries and territories consist of thousands of islands scattered over
millions of square kilometers of the Pacific Ocean. Vegetatively propagated crops are
the primary food crops of this region. Bananas are one of the most important food crops
in both the small and atoll islands in the large volcanic islands such as Papua New
Guinea (PNG). There is considerable diversity of bananas particularly in PNG. Bananas
are important to the nutrition of the Pacific islanders as green cooking bananas, ripe
cooking bananas and ripe dessert bananas. Bananas are grown for household
consumption on small commercial farms for the local markets. Diseases, pests, cyclones,
droughts, high transportation costs and competition from large commercial banana
producers inhibit the production and export of bananas from Pacific island countries.
The conduct of banana research is limited in the Pacific islands. The research capacity in
the region is very limited compared to the larger Asian countries. However, observation
trials such as International Musa Testing Programme (IMTP) are underway. The Pacific
island countries are interested in receiving new banana germplasm for observation trial
and to distribute appropriate materials to farmers.
Bananas are an integral part of the Seed and Planting Material component of the Crop
Improvement Service of the Agriculture Programme of the Secretariat of the Pacific
Community (SPC). Through the SPC Regional Germplasm Centre accessions of
bananas, taro, yams, sweet potatoes and other vegetatively propagated crops are
conserved, multiplied and distributed to the 22 SPC member countries and territories.
INIBAP-ASPNET participation in the Pacific islands is needed and appreciated.
INIBAP, working through SPC, is having an impact in the Pacific island countries by
providing new banana germplasm. The dissemination of many of these new banana
lines to farmers has just started in the last few years. Black leaf streak (BLS) caused by
Mycosphaerella fijiensis, is the most important banana disease in the region.
Consequently, the FHIA banana lines are of particular interest to increase production
and reduce the cost and environmental damage of pesticides. Initial indications show
that the FHIA materials are acceptable even though they do not taste like the traditional
banana varieties. With a range of FHIA lines being distributed, there is hope that the
preferences of the farmer and consumer will determine how successful INIBAP has been
in helping household food security through new Musa germplasm in the Pacific islands.
The Goldfinger banana survey in Samoa and other comments indicate a bright and
positive role for INIBAP in the Pacific.

1

Agriculture Adviser, Secretariat of the Pacific Community, Suva, Fiji
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Regional banana developments
1. SPC Regional Germplasm Centre (RGC): The Regional Germplasm Centre is serving
as a focal point for plant genetic resources in the Pacific including training, technical
assistance, research conservation and distribution of bananas and other important
crops such as taro, sweet potatoes, coconut embryo culture, yams and cassava.
Coconut embryos of germplasm from the atolls are being grown for transfer to the
Pacific Coconut Genebank in PNG in collaboration with COGENT and CIRAD.
2. SPC as a regional banana distribution centre: Through SPC, banana lines from
INIBAP are being distributed in the region. A small grant from INIBAP is helping
with this effort.
SPC banana-related activities during 2000
•

Banana processing: A technical visit was undertaken under the guidance of Prof Det
Wattanachaiyingcharoen to see banana processing in Thailand in the rural areas.

•

Field visit to PNG with particular emphasis on bananas.

•

Banana germplasm was distributed to Pohnpei State in the Federated States of
Micronesia, American Samoa, Fiji, Samoa, Marshall Islands, Wallis and Futuna and
New Caledonia. Funding from INIBAP assisted this effort.

•

Accessions of FHIA 25 germplasm has been received and is being multiplied for
distribution to interested countries.

•

Training attachments for tissue culture staff from Federated States of Micronesia and
American Samoa were conducted at the SPC RGC.

•

Work has started on a FHIA banana publication with assistance from INIBAP and
QHI.

•

Banana and INIBAP articles in SPC Ag News.

Country updates
American Samoa. Banana is the primary staple in American Samoa and there is concern
about the cost and environmental impact on the use of fungicides for control of BLS in
banana production. For this reason, there is great interest in the FHIA lines. In 1998,
FHIA 1, 2 and 3 were provided to American Samoa. They are growing well and look
promising. In 2000, FHIA 17, 18, 23 and 25 were provided. Trials with these FHIA lines
will provide a basis for selection of the right lines to include in widescale distribution of
banana planting materials using tissue culture. Banana tissue culture training was
provided to Peter Gurr, Deputy Director of Agriculture, to spearhead banana
multiplication and distribution programme similar to a previous effort with blight
resistant taro.
Fiji. Two new FHIA trial sites were established in July 1999. One is at the Sigatoka
Research Station in the Sigatoka Valley and the other one is at the Legalega Research
Station in the western part of Viti Levu near Nadi. These trials are now producing
bananas. There is a high level of tolerance to BLS. The results of these trials will provide
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information and planting materials to distribute to farmers for on-farm testing. New
FHIA lines 17, 18, 23 and 25 were provided to Fiji and will be planted in the field soon.
Federated States of Micronesia. SPC has provided plantlets of FHIA 1, 2, 3, 17, 18, 23
and other Musa lines during 1999 and 2000 for a replicated trial in Pohnpei to determine
the level of resistance to BLS and general suitability. A substantial number of plantlets
were provided this year to Ms Flordeliza B. Javier when she came to Fiji to receive
training and carry the plants back to Pohnpei. The plantlets will be ready for transfer
from nursery to the field before the end of the year.
Papua New Guinea. PNG is the most important site for biological diversity in the Pacific
and this includes bananas. Bananas are the second most important food crop after sweet
potatoes in PNG. The national banana germplasm collection in PNG holds 309
accessions. It is located at the Dry Lowlands Programme site at Laloki, which is near
Port Moresby. The collection was threatened by flooding this year but it survived.
There are trials of FHIA banana lines at Laloki sponsored by QDPI of Australia to
determine the level of resistance to BLS. The trial is showing promising results of high
levels of resistance to Mycosphaerella fijiensis (BLS) in some FHIA lines. The study will
conclude in November of this year. The promising lines will be released to island in the
Torres Straits in an effort to prevent BLS entering Australia.
There are other banana trials at the Wet Lowland Islands Programme site at Keravat, on
the island of New Britain. Here, trials of FHIA lines have been established and
observations are continuing. Other banana activities include maintenance of banana
working conditions and research on the control of scab moth (Nacoleia octasema).
PNG is requesting assistance in the following areas:
•

Assistance in the characterization of banana germplasm in the national collection.

•

INIBAP collected banana germplasm in PNG. They are requesting accessions of
banana lines that are not held in the national collection.

•

Strategies on maintaining the national banana germplasm collection.

Samoa. There is a banana multiplication plot at the Nu’u Research Station and
widespread distribution of FHIA 1 with a fair level of acceptance as a cooking and
dessert banana. The BLS resistance of the FHIA lines is extremely high. A Goldfinger
survey was conducted by Emmanuel Ah Leong, a student at the University of the South
Pacific, in collaboration with the Ministry of Agriculture extension staff that is under the
direction of Mr Apulo Metai. Over 80 farmers on the two main islands of Samoa were
interviewed this year. The preliminary results indicate:
•

Goldfinger exhibited high levels of resistance to BLS and it is producing high yields
under low input conditions.

•

It is being used mainly for home consumption.

•

Farmers are very satisfied with Goldfinger and will continue to grow it.

The survey data will be analyzed early next year.
New Caledonia. There is a small, high quality, commercial banana industry that
produces 1130 tonnes of dessert banana and 290 tonnes of Pacific plantains for the local
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market in the capital Noumea. There has been a major effort to eradicate bunchy top
virus from the residential areas around Noumea with over 70 000 plants destroyed.
The Institute of New Caledonia Agriculture carries out banana research at the
Pocquereux Research Station in four areas:
•

Integrated control of BLS. Based on cultural practices and use of different chemical
formulations with date of treatment based on climatic data.

•

Maintenance of germplasm collection. One hundred sixty-two accessions that include 30
local cultivars, 80 from the Guadeloupe collection and the remaining 52 are old
introductions that have been collected in New Caledonia.

•

Evaluation of FHIA and IRFA Hybrids with BLS resistance. The evaluation includes BLS
susceptibility, agronomic data and characterization. The FHIA 1, 2 and 3 were
released to producers but they have not proven to be popular. The FHIA 17, 18, 23
and 25 obtained from SPC may be more promising.

•

Evaluation of local plantain cultivars. The evaluation includes BLS susceptibility,
agronomic data and characterization.

New Caledonia is requesting assistance from INIBAP for a publication about bananas in
New Caledonia.
Wallis and Futuna: Plantlets of FHIA 1, 2 and 3 were provided during a country visit in
November 1999. Observation trials are conducted. Additional lines will be provided
next year so that the entire range of FHIA lines can be evaluated to determine the most
appropriate lines before distribution to farmers.
Plans for 2001
Banana activities in the Pacific are building momentum as more countries obtain new
germplasm to evaluate and distribute. This process will take time but the prospects are
bright for increasing the range of banana germplasm grown by farmers. SPC will
continue to work with INIBAP in the following areas:
•

Develop banana publications with INIBAP for the region.

•

Seek a new project with INIBAP and continue the distribution of new FHIA lines
and other Musa germplasm in the region.

•

Seek technical assistance for PNG for their germplasm collection.

•

Assess the potential for processing of banana for the local market and export.
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Germplasm evaluation and virus management programme of
banana (Musa) in Sri Lanka
S.S. Weerasinghe1

Sri Lanka is a tropical country having ideal climatic conditions for banana. Being the
major fruit crop of more than 40 fruit species grown in Sri Lanka, banana represents
nearly 52% of the total.
However, banana industry in the island is still being confined mainly to domestic
consumption due to certain constraints. Lack of high-yielding superior varieties and
prevalence of virus diseases are the two most important constraints. Therefore, a special
emphasis has been given on these by implementing an effective action plan.
Varietal evaluation programme
With the objective of identifying high-yielding superior varieties which are adaptable to
prevailing conditions in Sri Lanka, introductions are being tested under the programme
of International Musa Testing Programme (IMTP) of INIBAP. This programme is
funded by INIBAP-ASPNET providing a financial assistance amounting US$2000.
Under this programme, nine banana varieties were imported from INIBAP Transit
Centre (ITC) in Belgium as tissue-cultured plantlets in gel media.
The varieties imported are:
(1) FHIA – 01
(2) FHIA – 02
(3) FHIA – 03

(4) FHIA - 17
(5) FHIA – 18
(6) FHIA – 23

(7) SH – 3640
(8) Yangambi Km 05
(9) Grande Naine

All the plants were established in three replicates accommodating three plants per plot
at the spacing of 3 x 3 m at the Regional Agriculture Research Centre,
Angunakolapelessa in May 2000. Emerging suckers were removed and established at
Plant Genetic Resources Centre, Gannoruwa to duplicate the germplasm. All the
varieties are presently growing satisfactorily.

1

Regional Agriculture Research Centre, Angunakolapelessa
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Table 1. Performance of banana introductions at 5 months after the establishment.
No. of leaves

Plant height
(cm)

Stem girth at 30 cm
above the ground level
(cm)

No. of
suckers

FHIA – 01
FHIA – 02

17
14

170
150

55
43

3
3

FHIA – 03
FHIA - 17
FHIA – 18

15
10
10

200
180
150

60
50
45

4
3
3

Variety

FHIA – 23

17

190

45

3

SH – 3640
Yangambi Km 05

17
15

210
115

58
30

5
3

Grande Naine

12

150

45

3

Mean values of nine plants.

During rainy months, all plants were affected by sigatoka leaf spots irrespective of the
variety. This was successfully controlled by removing infected leaves at early disease
developmental stages.
Funds released by INIBAP-ASPNET for the germplasm evaluation has been allocated
for the establishment of an irrigation system for the established Musa germplasm at the
Regional Agriculture Research Centre, Angunakolapelessa.
Banana virus management programme
Banana virus management programme comprised of six major activities and
implemented simultaneously.
1.

Field survey in major growing areas
A survey was conducted by the Department of Agriculture to collect information on
virus disease status of major banana growing areas. Information were collected
separately from 150 locations in each major growing area.
According to the results, 97% of the Mysore banana is infected with banana bract
mosaic virus (BBrMV) and 80% is infected with banana streak virus (BSV). Banana
bunchy top virus (BBTV) and cucumber mosaic virus (CMV) are not that serious
compared to the first two infections.

2. Virus indexing programme
It has been confirmed that the two infections are mainly spread through planting
materials obtained from infected mother plants, especially in major growing areas.
Therefore, identification of virus-free planting materials is very important in order to
obtain healthy planting materials. Accordingly, identification of virus-free mother
stocks and infected plants through virus indexing programme was started in the
latter part of the year 1999 and presently is being implemented successfully at the
national level at two centres of the Department of Agriculture in Sri Lanka. This
programme was proposed by INIBAP-ASPNET and they expedited it by providing
technology and donating chemicals worth more than US$3000 to initiate the
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programme. A one-week training programme on virus identification and virus
indexing was also conducted.
The two virus detecting centres established at Horticulture Research and
Development Institute, Gannoruwa and Adaptive Research Centre, Homagama are
presently functioning successfully by providing the virus indexing facilities for both
government and private sector entrepreneurs. During the last 10 months, they have
tested nearly 2500 samples, charging Rs. 100/sample (US$1.10) for detection of a
single virus.
3. Maintenance of virus-free mother stocks and in vitro propagation
At the two virus-indexing centres, healthy mother stocks of all the varieties are being
maintained in the insect-proof nethouses. As a part of this programme, rapid
multiplication of virus-free planting materials by in vitro propagation technique is
also implemented in tandem.
4. Studies on involvement of vector in virus transmission
Collaborative studies are being conducted by the entomologists in the Department of
Agriculture to understand the vector involvement in transmission of banana virus
diseases in Sri Lanka. These studies are continuing under various climatic situations
at different research stations.
5. Evaluation of yield loss due to viral infections
It has been estimated that in streak virus-infected plants, the yield reduction ranged
from 30 to 100% in the first ratoon compared to the mother crop depending on the
intensity of the damage.
Reduction in finger size and the smaller final bunch size resulted to 30% yield
reduction and sudden breakages of bearing pseudostems resulted to 100% yield
reduction in streak virus-infected banana cultivations. The studies on yield
reduction of the plants affected with other viruses are also in progress.
6. Annual cropping systems under high density planting
In addition to laboratory experiments, practical approaches are also being sought as
a solution for virus infections in banana. Accordingly, high-density planting
systems in annual cropping situations are introduced instead of semi-perennial
cultivations at lower plant densities as presently practised in Sri Lanka.
These are the major research and development activities undertaken to improve the
banana industry in Sri Lanka during the past year.
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Update on banana research and development in Taiwan
S.C. Hwang1
For the improvement of banana production, the Institute received a budget totaling
US$1.5 million in 1999 which was used for conducting 16 research projects, of which 13
are applied research projects and 3 are technical service projects. About 60% of this
funding came from government support and 40% from banana growers. Research work
covered varietal improvement, tissue culture, disease and pest control, cultivation
technology, postharvest physiology and technical service, with the key target to
breeding for Fusarium race 4 resistance through somaclonal variation/mutation
approach. The main research achievements are summarized below.
Varietal improvement
1.

A total of 214 accessions of banana germplasm had been maintained both in vitro
and in vivo. To search for an improved in vitro conservation method, PP333 and
TDZ were added to MS medium. After one year, neither PP333 nor TDZ showed
any advantage over the traditional method in terms of the extension of the duration
of conservation. In another experiment, a simple method of placing a piece of
serene wrap on the top of test-tube cap showed significant reduction in the rate of
contamination.

2.

Among 5092 banana plantlets used for screening for resistance to fusarium wilt
(race 4) by screenhouse method, 182 were symptomless and subjected for further
investigation. Among 88 clones to be verified for their resistance to fusarium wilt,
three showed high level of resistance and will be further investigated.

3.

After seven years of evaluation, a semi-dwarf Fusarium resistant clone, TC1-229
showed merits of wind tolerance and labor saving. Experimental data were
compiled and submitted for approval of cultivar registration as Tai-Chiao No.3.

4.

Experiment on gamma-irradiation was conducted in 1999. Newly prepared
adventitious buds irradiated with 40 Gy was found to be the optimal treatment for
mutation induction. After treatment, mutation rate of plantlets in the nursery was
about 30%. The objective of this experiment is to select for disease resistant clones
using mutation breeding.

5.

Characterization of 10 local cultivars was completed and submitted to the Council of
Agriculture, Executive Yuen this year. On May 1, it was announced that the cultivar
registration and multiplication of banana (Musa spp.) was included in the 'Plant
Seed Law'.

1

Director, Taiwan Banana Research Institute, Pingtung

85

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Tissue culture
6.

The effective concentration of Thidiazuron (TDZ) on the induction of adventitious
buds in three banana cultivars Pei-Chiao, Tai-Chiao No.1 and Latundan was 0.05 to
0.2 mg/l. At higher concentrations (0.2 to 2.0 mg/l), TDZ appeared to suppress the
elongation of adventitious shoots and induce large numbers of small globular buds.
The effect of TDZ (tissue culture grade) and Dropp (agrochemical grade containing
490 g/kg TDZ wettable powder) on the induction of adventitious buds was about
the same. Hence Dropp can replace the expensive tissue culture grade TDZ in
commercial micropropagation.

7.

The effect of TDZ differs in different cultivars and also in different stages of
subculture. The combination of TDZ or Dropp (0.2 mg/l) with BA (4.0 mg/l) and
Paclobutrazol (PP333) (0.5 to 1.0 mg/l) significantly increased the multiplication
rate of shoots. The best sequence of application of TDZ or Dropp in banana
micropropagation is to induce adventitious buds from suckers using BA for the first
and second subculture, transfer the propagules to Dropp in combination with PP333
rd
th
th
at the 3 or 4 subculture and continue for 2-3 subcultures. At the 6 subculture,
propagules should return to medium containing only BA to facilitate the elongation
of bud clusters and in the subsequent subculture for plantlets regeneration.

8.

Results of field survey showed that tissue culture plants propagated by TDZ gave
2.4% of off-type plants among 1800 plants and the control group was 3.0% among
400 plants tested.

9.

The soil-free planting mix developed last year is now widely used in the Kao-Ping
local nurseries for acclimatization of banana plantlets. The formulation consists of
saw-dust:organic fertilizer = 2.5:1(v/v). This planting mix is economical and
convenient for seedling transport.

Disease and pest control
10. Fusarium wilt resistance of the newly selected clone GCTCV-218 was confirmed in
the 2nd year test. Results of resistance test conducted in two separate severely
diseased farms showed that disease incidence of GCTCV-218 was 8.3%, which was
significantly lower than 27.3% of Tai Chiao No.1 and 65.5% of Pei Chiao. Disease
incidences of this clone among 10 farmer's farms surveyed averaged 4.3% ranging
from 2.4 to 11.8%, while those of Pei Chiao averaged 25.5% ranging from 14.1 to
63.7%. In comparison with the traditional cultivar Pei Chiao, this resistant clone
possesses distinctive agronomic and horticultural characters of the following: (1) It
is 2.6-2.9 m tall, about the same as Pei Chiao, but its pseudostem is larger and
stronger; (2) It produces a larger bunch, about 5.8 kg heavier than that of Pei Chiao;
(3) Banana hands are more uniform in size, and they ripen normally giving an
excellent taste as good as Pei Chiao; (4) It takes about 12-13 months from planting to
harvest, about 1-1.5 months longer than does Pei Chiao.
11. Propagation of 80 000 tissue-cultured plantlets were made for planting over 40 ha,
including the cooler central part of Taiwan, in April-May 2000 for the 3rd year
evaluation. Results of field test in the past two years suggest that GCTCV-218 has a
great potential for commercial planting for controlling fusarium wilt. It is estimated
that replacement of the wilt-susceptable Pei Chiao with this resistant clone would
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increase the banana yield from the current level 30.4-44.5 tonnes/ha, thus greatly
increasing the competitiveness of Taiwan bananas in the Japanese market.
12. Results of field trials showed that removal of diseased leaves alone, without
fungicide spray, was found to be effective for controlling freckle disease. By using
this control measure, banana plant retained 11-13 and 8.8-10.8 healthy leaves at
shooting stage, respectively, in the farm established by tissue cultured plantlets and
in the ratoon crop. Fungicide spray using a roll of rubber tube connected to a pump
engine gave the most satisfactory control of freckle disease, followed by 4-wheel
blast sprayer and solo knapsack mist sprayer. However, the 4-wheel blast sprayer is
recommended for use in the corporated plantation because of its lower labor cost.
13. At pot stage, incidence of heart rot in plantlets was 4.9-5.6% in a growth medium
consisting of sawdust:bagasse compost (2.5:1 v/v), which is significantly lower than
those growing in the traditional growth medium of sand:carbonated rice husk (4:1
v/v), 8.3-36.8%.
14. Based on the field survey conducted from 1995 to 1999, it was found that
percentages of CMV on tissue cultured plants were 9.5% in March, 3.5% in April,
and 1.5% in May. Reduction in CMV incidence from March to May could be related
to the rising temperature and higher rainfall affecting the propagation and
migration of aphid vector. Using shiny plastic mulching in the banana farm was
found to be effective for controlling CMV.
15. A widespread field survey revealed that the survival rate of tissue cultured plantlets
after transplanting to farm averaged 84.8% in 1998/1999 and 90% in 1999/2000. The
major causes of the death of seedlings were identified to be CMV and heart rot. A
severe case of marginal necrosis on leaves involving about 120 ha of banana farms
was found in Chi-Shan area in October 1999. Evidences obtained from foliar
analysis indicated that it was caused by the floride toxicity resulting from the
nearby brick factory.
16. During the period of March-May 2000, bananas were rejected in many shipments to
the Japanese market due to the insect problem. The insects identified were coconut
moth (Tirathaba mundella), scab moth (Nacoleia charesalis), banana stem weevil, and
mealybug. The insect damage to banana fruit is most likely associated with farms
intercropping with coconut and betelnut, especially under poor field sanitation
conditions.
Cultivation and postharvest physiology
17. In a medium-textured, well-drained banana farm, the fertilization management
should follow the principle of a high potassium supply rate, Tai-Fei compound
fertilizer No. 4 was highly recommended. Banana plants receiving fertilizers of a
higher nitrogen and a lower potassium grade could result in the losses both in yield
and postharvest qualities. Banana plants under the first year of organic farming
would delay bunch emergence, however, the pseudostem girth, finger number,
bunch weight, shelflife and titratible acidity were higher in organic plants, as
compared to conventional plants.
18. Banana bunch protection using kraft paper bags or blue PE bags had no significant
differences in the bunch development. It was proved consistently that kraft paper
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bags could effectively prevent the occurrence of sunburn and uneven degreening in
banana fingers and, additionally it increased the peel degreening rate and the
content of total soluble solids. During the years from 1996 to 2000, the use of kraft
paper bags was increased from 0.5% to 34.5% of the banana plantations in
Kaohsiung and Pingtung areas, indicating a remarkable progress in promoting the
replacement of blue PE bags with kraft paper bags. Bananas harvested from the
intercropped betelnut and coconut farms and from the ordinary farms in Kaohsiung
and Pingtung areas did not show significant differences in the fruit qualities.
19. Study on the postharvest properties of GCTCV-218 showed that the length of
precooling time had no effects on the rate of peel degreening and shelflife, but a
longer precooling time could increase total soluble solid content of both Pei-Chiao
and GCTCV-218. A ripening temperature model of 20oC-18oCM-16oCM was
adequate to achieve peel degreening of GCTCV-218.
20. Pectin content of rubbery bananas was 3-4 times as much as that of normal bananas.
Failure of polygalacturonase (PGA) to hydrolyze pectin could be due to the
compartmentation between the enzyme and the substrate. It was conjectured that
starch in rubbery bananas was hydrolyzed mainly through amylolytic pathway.
Technical service
21. Disease-free plantlets of Pei-Chiao (2 320 624), Tai-Chiao No. 1 (281 949) and TaiChiao No. 2 (451 558), with a total of 3 054 131 were propagated and supplied to the
Fruit Cooperative for distribution to banana growers during the period from
February to June this year.
22. According to the result of shooting survey, banana production season this year was
predicted to be delayed and the average bunch weight was lower than that of
1998/1999 season, due to the influence of low temperature in December 1999. The
bunch weight of banana plants harvested between February and May was 10%
lower than the corresponding period of last year. The total production in
Kaohsiung and Pingtung area during the period from January to July 2000 was
estimated at 2.5 and 2.47 million carton (12.6 kg/carton), respectively.
23. Based on the disease forecast information, large-scale fungicide air spray and
ground spray for the control of foliar diseases was carried out 8-11 times between
July and November 1999. Disease severity survey made in December 1999 revealed
that the banana plants at shooting stage had retained more than nine healthy leaves
in the sprayed areas, indicative of a satisfactory control. To promote banana
production and improve fruit quality, many demonstrations and lectures for banana
growers were held in collaboration with the Fruit Cooperative. A total of 1900
banana growers attended the meeting this year.
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Australian banana research and development: Update 2000
Bob Williams1

General production issues
Banana production in Australia over the past 12 months have been through a period of
very difficult times. In north Queensland, the major production area for Cavendish,
experience over 6000 mm of rain between November to July. This resulted in significant
water logging, causing poor growth and reduction of fruit quality. Black sigatoka was
detected on 11 plants in the Daintree area (about 200 km north of the production area).
Again this detection was immediately eradicated and quarantine zones imposed.
In Northern Territory, further small outbreaks of Panama tropical race 4 has been
detected on a wide range of farms. This is causing growers to look to alternatives to
banana.
Drought conditions in the southern production areas of Queensland and northern New
South Wales, together with the presence of bunchy top and race 1 and 4 is restricting the
expansion of the Lady Finger in this area. Goldfinger is beginning to increase.
Research programmes
Outcomes and progress in the research and development projects have been significant.
The R&D programme is progressing in three major work areas.
a. Sustainable production systems
b. Efficiency in production and chain management, and
c. Management aides
A. Sustainable production systems
The majority of funding on R&D has been concentrated in this area and significant
outcomes have been delivered. For example:
•

90% reduction in tonnage of applied insecticide/nematicide since 1986.

•

50% reduction of applied nitrogen and a change in the formulation of applied
nitrogen.

•

30% reduction in applied potassium and the formulation of applied potassium.

•

identification of a wide range of biological control agents for insect, fungal, bacterial
and nematode pests of banana.

1

Programme Leader, Tropical Tree Fruits, Queensland Horticulture Institute, Department of Primary Industries
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The focus of the future R&D programmes will be the integration of these recent
achievements into a total farming system approach. Diagram 1 outlines our suggested
strategy.

Diagram 1

OUTCOMES
Sustainable Production System
Growth Model

• rate of biomass production
• phenological cycle
Biomass

Irrigation/Nutrient
Module

•
•
•
•
•
•

efficient water uptake
maximise infiltration
minimise deep drainage
efficient nutrient uptake
minimise on-site degradation
minimise off-site nutrient
movement

Phenolog
y

Biomass

Plantation
Management

• planting material
• crop forecasting
• labour efficiencies
• offsite movement
•
t ti

IPM Module

•

pests/diseases
below

•

economic
thresholds

•
•
•

biodiversity
biological agents
soft pesticides

Trash / Interrow
Management

• maximise nutrient recycling
• maximise infiltration
• reduce evaporation
• enhance biodiversity
• soil ameliorants
B. Efficiency in production and chain management
Projects involved in this area have the following findings:
•

Up to 30% fruit losses are occurring prior to packaging due to mechanical and insect
damage

•

A benchmark of 147 cartons per person per day on total labour requirement in the
packaging process
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•

Consumers were concerned about the levels of bruising in banana at the retail end

•

Growers and wholesalers wanted a production forecasting system to programme
marketing strategies

•

Four to five mechanical banana harvesters are successfully being developed.

A systems approach is being developed to enhance outcomes of these findings and
developments, to ensure the viability of producers. Possible strategy is provided in
Diagram 2.
Diagram 2
Shed
Management

Sustainable
Production
Systems

Crop
Forecasting

Mechanisation of
Fruit Handling
S t

Mechanical
Harvesting

Mechanised Field
Practices

Banana Fruit Chain
Management

C. Management aides
Growers within Australia have many standards and requirements that have to be meet
before they can market their fruit such as:
•
•
•
•

Interstate certification assurance
Freshcare
Approved supplier accreditation
Environmental management systems accreditation

All of these require particular recording systems such as:
•
•
•
•

Block and spray records
Nutrient inputs
Accounting packages for GST and superannuation
Environmental output off the farm

A simplified recording system combined with a decision aide process is required.
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Linkages to INIBAP
a. In sustainable production systems, specifics are and will be made through:
⇒
⇒
⇒
⇒

Fusarium wilt projects (N. Moore et al.)
Nematode projects (J. Stanton and T. Pattison)
Virology – Indexing and associated research (J. Thomas)
Sigatoka – Pathogen diversity (E. Akien)
- Varietal screening and disease management strategies (R. Peterson)

(There is a need to increase research that combines the biological strategies into one
management system.)
b. IMTP III. Possibility of four sites as follows:
⇒
⇒
⇒
⇒

SEQ for Panama disease (PD) race 4 (sub tropical), bunchy top, speckle
NQ for yellow sigatoka
Darwin for PD tropical race 4
PNG for black sigatoka and other associated diseases like black cross

c. Development of an ACIAR project with Australia (QDPI
Indonesia on:

& AQIS), PNG and

⇒ Incidence of banana diseases in PNG and Indonesia
⇒ Improved diagnostic protocols for banana disease (black sigatoka, septoria leaf
spot, blood disease, black cross and southern cordana)
d. Provision of training in virus indexing and tissue culture procedures.
e. Development of information packages on new varieties for the South Pacific.
General concern:
There are a few countries in the world that INIBAP is relying heavily for the provision of
major research. Countries such as Belgium, France, Taiwan and Australia (both ACIAR
and QDPI) are major contributors. Countries like Taiwan and Australia may lose their
banana industries due to global free trade. It would make it difficult for these countries
to maintain their banana research teams. What strategies are being developed by
INIBAP to address this issue?
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Banana production and demand in China
Chen Houbin1

The area planted to bananas in China is about 190 000 ha, with production of 3.5-3.9
million tonnes, constituting 4.5% of the world production. The average yield of bananas
in China is about 20 t/ha.
About 5% of China’s territory are of tropical and subtropical climates where bananas can
be grown. Eight provinces in the south grow bananas, while Guangdong, Guangxi,
Hainan, Fujian and Yunnan are the major producers. In Guangdong, most of the arable
lands are suitable for field crops, with emphasis in cash crops such as bananas.
Banana production expanded the fastest between 1980 and 1985 as well as between 1985
and 1987. In 1987, banana output even reached 12% of the state’s total fruit output.
Banana is a quick return crop in south China. Its influencing factors in production status
mainly come from the supply-demand relation and initially from the weather condition
especially typhoons during summer seasons and chills during winters.
In the year 2000, in Hangzhou, an east city, domestically grown bananas sold at the price
of 3.20 yuan/kg in May and in other months, between 2.00 and 2.30 yuan/kg. Imported
bananas were sold at the price of 6.00 yuan/kg in April, while at the average price of
4.00-5.00 yuan/kg in other months. The price gap between imported and domestic
bananas is from 1.00 yuan/kg during season to 2.00-3.00 yuan/kg during off-season.
In north China, cities such as Beijing, Dalian and Changchun, bananas were sold at the
highest price, the wholesale price of bananas was around 6 yuan/kg. This was followed
by the eastern China cities like Shanghai and Nanjing where prices are at 4.50-5.00
yuan/kg from February to May. Banana prices in the western China cities such as
Chengdu and Baotou, located in Sichuan and Inner Mongolia Provinces, respectively,
fluctuated mildly around 2.5 yuan/kg at wholesale.
Imported bananas are mainly accessed and sold in eastern and northern China markets
such as Shanghai, Hangzhou, Dalian, Qingdao and others. The largest fractions of
imported bananas are from the Philippines and Ecuador. There are small quantities of
bananas accessing in Guangzhou via Hong Kong. The annual imports of bananas in
Guangdong are about 200 t and are mostly sold in foreign-managed supermarkets at
rather high retail price. Gongjiao (e.g. Pisang Mas, from Thailand) is occasionally sold in
market at very high price of 10 yuan/kilogram. However, importers reflected that its
thin fruit skins are very susceptible to mechanical bruising and chill damages in
refrigerators. Green mature is also an obstacle for good sale.

1
2

Tropical and Subtropical Fruit Research Laboratory, South China Agricultural University, Guangzhou, China
US$1=8.27 yuan
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China was a net exporting country before 1993, when banana export was 69 591 t while
import was 29 599 t. Since then, banana imports began to exceed exports. Banana
imports are obviously influenced by the domestic supply. The annual banana imports in
1999 were 539 000 t.
There have been a number of processed products of bananas in China, such as dried
chips, pastes, jams, powders, sweets, juices and so on. All those products were ever
manufactured in Guangdong, Hainan, Zhejiang and Xinjiang in small quantities. Most
probably due to poor acceptability of the Chinese people to them, those products are not
domestically becoming popular up to date. It is known that some products, such as
banana powders and pastes, have been introduced to the overseas markets.
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Etiology and survey of banana leaf spot diseases in India
R. Selvarajan, S. Uma & S. Sathiamoorthy1
Introduction
Bananas and plantains have been facing threats due to various pests and diseases
occurring from time to time. Among the fungal diseases, leaf diseases are considered to
be serious in reducing the yield and quality of the fruit. Yellow sigatoka disease caused
by Mycosphaerella musicola is well-known and wide spread. In the recent past, virulent
forms of other leaf spot diseases have been causing serious concern to the growers, as
many cultivars known to have tolerance earlier, have fallen a prey to the new malady.
For instance, the cultivar Mysore (AAB) known to be a hardy clone and tolerant to
yellow sigatoka, has been found to be severely defoliated by new leaf diseases since
early 1970.
Similarly, plantains cv. Nendran extensively grown in southern states of India has been
more severely defoliated by new forms of pathogens lately. Early investigations of
National Research Centre on Banana (NRCB) revealed that the crop loss due to leaf spot
diseases ranged between 20-50%. More recent survey by the NRCB has shown the
existence of new species of Mycosphaerella in many commercial cultivars. Carlier et al.
(2000) has also confirmed the presence of M. eumusae, causing septoria leaf spot disease
in the Cavendish cv. Grande Naine in southern India. With the initiative of INIBAPASPNET Regional Coordinator, research on leaf diseases was carried out with the
following objectives:
* To identify the various leaf spot diseases and their causal organisms affecting
common cultivars of banana in the country
* To conduct a preliminary survey on the distribution and the severity of these
diseases geographically and cultivar wise.
Survey
A survey was conducted to study the occurrence, severity of various leaf spot diseases in
the major banana growing regions of Tamil Nadu and Kerala states. Disease severity
index (DSI) and youngest leaf spotted (YLS) were recorded from 25 randomly selected
plants in an orchard of 1 acre in size. The altitude, season of planting and stage of the
crop were recorded in each site. Disease development time was recorded for the
commercial cultivars.
Symptomatology
The symptoms from the initial stages to maturity of the spots were recorded in cultivars
Robusta, Poovan (Mysore), Rasthali (Silk) and Nendran (plantain). Variation in

1

National Research Centre for Banana, Trichy, India
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symptoms due to seasons and geographical locations were also recorded. The symptoms
are described and illustrated in the results.
Isolation of pathogen
With little modification, using the protocols of Natural (1990) and Carlier et al. (2000),
ascospores of Mycosphaerella spp. were isolated from samples collected during the
survey. Leaf sections having mature spots of sigatoka were cut into 2 cm2 sections. They
were dipped in sterile distilled water for 10-15 min and the sections were stapled to a
sterile filter paper and placed in the lid of petri dish facing 3% water agar. The plates
were incubated at room temperature (30-32ºC) and the release of ascospores was
regularly observed for 24 hours under the microscope. The ascospores were marked and
transferred to potato dextrose agar (PDA) medium and subsequently subcultured in
PDA slants. After incubating the slants for 15 days, they were stored at 4oC in the
refrigerator.
Microscopic observation and identification
Hyphae, conidia, ascospores and other fruiting bodies were observed under the
microscope and their sizes were measured. The leaf cross sections were made to observe
the fruiting bodies of the pathogens. For direct observation of conidia, mature and
immature spots were gently scraped and the conidial morphology, size, shapes, colour
and the number of septa were observed under the microscope at 400x magnification.
Conidia, fruiting bodies and hyphae were also observed from the slant culture and
microphotographs were taken.
Pathogenicity test
Abundant conidia produced in the slants were used to inoculate the test plants to study
the pathogenicity. Spore concentration of 103 was used to inoculate the tissue-cultured
plants of cv. Robusta under controlled conditions. Inoculation was done by spraying the
spore suspension contained in a hand sprayer on the leaf at Brun ‘B’ stage and the two
immediate leaves. The lower surface of the leaves was covered while spraying. The
symptom expression was regularly monitored and the conidia produced in spots were
observed for their identity.
Germplasm screening
Field germplasm conserved at NRCB has been screened as per the protocol of INIBAP.
The screening data of different centres in India were collected from the literature.
Irrespective of the leaf spots, screening for all the spots was taken up for two seasons.
Results
Survey
Preliminary survey conducted for leaf spot diseases are presented in Table 1. Locations
having different altitude and seasons were selected for the survey. Under wetland
cultivation, the disease was very severe in four commercial cultivars and the disease had
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Table 1. Sigatoka leaf spot incidence in different cultivars.
Location

Cultivar

Koppu
(89)

Nendran@

Ayillapettai
(89)

Nendran@

Pallakadu
(89)

Date of
observation
8/12
6/1
8/2
8/3

Disease severity

Y.L.S

Stage of the crop

13.45
21.29
40.54
47.41

10.60
8.72
6.02
3.40

V
S
S
H

10/12
10/1
10/2
10/3

8.99
19.69
28.78
50.64

10.20
7.90
5.70
3.12

V
S
S
H

Rasthali@

15/11
20/1

14.28
42.11

10.89
4.50

S
H

Koundapatti
(89)

Rasthali@

19/12
7/1
9/2
9/3
7/4

22.31
22.79
33.32
34.53
48.69

9.40
101.00
8.10
7.90
4.30

V
V
V
S
S

Podhavur
(89)

Rasthali@

10/12
5/1
10/2
7/3
6/4
10/2
6/4

41.50
50.33
65.93
66.08
80.77
53.47
87.95

6.56
7.32
5.32
4.21
3.92
3.25
1.00

V
V
S
S
H
S
H

Pachanadan@
Vayalur-I
(89)

Robusta@

6/12
7/1
6/2
9/3

29.43
27.61
37.02
40.06

6.62
7.40
7.60
4.54

V
S
S
H

Vayalur-II
(89)

Robusta@

Kannara, #
(45)

Robusta*
Nendran*
Nendran*

6/12
11/1
7/2
9/3
26/6
,,
7/4

30.31
34.05
41.94
48.70
49.64
14.14
0.00

7.16
7.30
7.12
4.93
4.90
9.50
13.00

V
S
S
H
H
V
V

KAU, #
Mannuthy
(45)
Thottiam
(90)

Nendran*
Nendran*

,,
26/6

10.10
4.78

9.89
10.50

BMS
V

Nendran@
Rasthali@
Rasthali*
Rasthali*
Poovan*

29/1
29/1
29/1
29/1
29/1

56.40
90.00
50.70
25.30
54.10

3.10
2.00
4.40
8.90
3.10

H
H
H
V
H

Coimbatore
(400)

Nendran*
Poovan**
Rasthali*
Karpuravally*
Robusta*
Robusta*

17/12/99
17/12/99
17/12/99
17/12/99
17/12/99
17/12/99

5.31
34.94
10.25
0.00
15.62
21.76

13.24
6.32
12.26
18.10
9.40
8.00

H
V
S
V
H
S

Mettupalayam(450)

Nendran*
Robusta*

17/12/99
17/12/99

0.31
1.56

10.25
10.13

H
H

Kambam
(300)

Robusta*
Robusta*

2/3
2/3

40.50
10.50

5.60
10.10

H
S

Kodaikanal
(1500)
Sirumalai
(1000)

Virupakshi

3/3

0.00

11.50

H

Virupakshi
Robusta
Poovan
Namaran
(Pome)

7/2000
,,
,,
-

negligible
10.50
26.30
41.20

10.50
12.40
9.80
5.60

H
V
S
H

Kolli Hill
(1200)

Figures in the parenthesis are altitude of the location in metres. * -Gardenland cultivation; @ -Wetland banana; ** -Grown for leaf purposes; H-Harvesting stage; SShooting stage; V-Vegetative stage; BMS-Bunch maturity stage. KAU- Kerala Agricultural University. #-Area belongs to Kerala province of India and the
remaining locations areTamil Nadu province of India.
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spread very rapidly. In Trichy district, the disease severity was 50.64 while the YLS was
3.12 at harvest stage in plantain cv. Nendran. In cultivars Robusta, Pachanadan (Pome,
AAB) and Rasthali, the DSI and the YLS at harvest were 80.77, 87.95, 48.70 and 3.92, 1.00,
and 4.93, respectively. Whereas in Kerala, in cv. Nendran the DSI was 14.14 and the YLS
was 9.5 and in some orchards, leaf spot was not observed while in cv. Robusta, at
harvest stage, the DSI was 49.64 and the YLS 4.9. Sigatoka leaf spot was present at
altitudes of 1500 m above mean sea level in Pome cultivar Virupakshi, Robusta and
Poovan (Mysore).
Gardenland cultivation is being followed in Coimbatore district of Tamil Nadu. The DS
and YLS were the least in Mettupalayam site (35 km from Coimbatore) and YLS above
10 was recorded in cv. Robusta and Nendran at harvest stage. DSI of 34.94 was observed
in cv. Poovan (Mysore) which is grown for the purpose of leaf under close planting
system (1 x 1 m). Cultivars Nendran, Rasthali and Robusta had DSI ranging from 5.31 to
21.76. However, the YLS was high, i.e. 13.24 and 12.26 in Nendran and Rasthali,
respectively. In cultivar Karpuravalli (Pisang Awak), there was no spot at vegetative
stage (8 months old) and the YLS was 18.
Leaf spots like cordana, freckle, speckle, rust, Drechslera, Deightoniella and Alternaria
were also observed and photographed. The pathogens were isolated and identified. As
they were not economically significant, further the pathogenicity test was not made.
Freckle caused by Phyllostictina musarum in Nendran is becoming serious in a place
where sigatoka is almost absent.
Symptomatology of leaf spot
The leaf spot diseases were observed in four cultivars. The symptom varied from
cultivar to cultivar. The description of symptoms observed is given below in detail.
Nendran
Initially, the brown thin streaks appeared on the lower side of the leaf. Later they
expanded in length and breadth and the spot size varied from 6 x 3 mm to 30 x 5 mm.
Spots were more or less oval in shape. Chain of spots appeared on the veins (Fig. 1).
Generally, from tip of the leaf, the spots started appearing and later it spread towards
the base. The mature spots had
greyish centre and light black
margin. Brown discolouration and
prominent bright yellow halo
surrounded the spots. Ninety per
cent of the spots were located in
veins and 10% in interveinal area.
Water
soaking
lesions
were
prominent. The spot increased in
size by extending its area in water
soaked parts.
Dewdrops were seen in early
morning on both the sides of the
leaf. The dewdrops were found
more along the veins and remained

Fig. 1. Chain of spots appears along the veins in cv.
Nendran.
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till late morning also on the veins, whereas dew drops in the interveinal area rolled
down and fell on the ground. The dewdrops on the spots persisted for longer time
before getting dried and therefore the spots appeared more along the veins than in
interveinal space.
Rasthali
th

Light brown numerous streaks appeared on lower side of the leaf and (5-7 leaf) on the
upper side, black streaks (0.5 to 10 mm length). In mature spots, grey centre was light in
colour and had no distinct margin. Many spots coalesced to form bigger spots and led
to blight appearence. Black streaks
were visible in immature spots.
Orange or rusty red discolouration
appeared in the centre before it
became grey. Infection started from
base as well as tip of the leaf (Fig. 2).
The whole leaves dried up soon.
Sixty per cent of the spots appear on
veins and 40 per cent on interveinal
area.

Fig. 2. Spots appears from the base of the leaf in cv.
Rasthali.

The symptoms in dry season was
entirely different from the above.
The spots have definite margin,
bright yellow halo was prominent
and spots appeared from the tip of
the leaf and extended towards base.

Robusta
Light brick red/brown streaks appeared on the lower side of the leaf. Corresponding to
that on the upper surface, translucent mild yellow streaks (around 4-5th leaf) were found.
Black streaks with size 3 x 0.3 mm to 14 x 1 mm appeared on upper surface of the leaf.
Some spots looked unusually black (Fig. 3). Light grey to bright grey centres with black

Fig. 3. Black spots/streaks with depression in Fig. 4. Septoria leaf spots with irregular
margin in cv. Robusta. Some mature
cv. Robusta affected by black sigatoka.
spots with bright grey centre also
seen.
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margin surrounded by yellow halo was seen on mature spots. In the rainy season, these
spots coalesce before they matured. But in gardenland condition, the spots were
distantly spread over the leaf surface, in cv. Robusta no coalescing took place. Seventy
per cent of spots are in interveinal region and 30 per cent on veins. The spot
morphology varied from place to place depending upon the altitude of the location and
the season. Spots with irregular margin were observed in Kannara, Kerala state (Fig. 4).
Poovan (Mysore)
Mature lesions were of two types:
•

Bright grey centre surrounded by
black margin.
Yellow halo not
prominent (2.5 cm x 4.7 mm) (Fig. 5).

•

Light grey centre. Light brown to
black margin and clear yellow halo.

Initially, the centre of the spot had light
orange colour and the spot expanded
favoured by the moisture absorbed from
dew.
Every day the spot expanded Fig. 5. Spots with bright grey centre
around 1 to 2 mm in diameter. Sixty six
sorrounded by black margin
per cent of spots appeared along the veins
without yellow halo in cv. Poovan.
and 34 per cent spots on interveinal area.
Initial streaks were of the size of 0.5 mm width and 5-9 mm length on the under side of
the leaf. Most of the spots appeared on the tip and they spread uniformly to the whole
leaf.
Table 2. List of commercial cultivars and the type of spores present in the samples collected
during survey.
Cultivars
Robusta
Rasthali
Poovan
Nendran
Ney Poovan
Virupakshi
Pachanadan

Septoria
Y
Y
N
Y
N
Y
Y

M. musicola
N
Y
Y
N
Y
Y
Y

M. fijiensis
Y
N
Y
N
Y
N
Y

Among the commercial cultivars Rasthali, Robusta, Virupakshi, Pachanadan and
Nendran had septoria spores and the leaf spots were little different from that of black
sigatoka. In cultivar Robusta, both the black sigatoka and septoria leaf spots are
distinguishable (Fig. 6A&B). Cultivar Anaikomban (AA) and Galanamalu (AAA) had
akin to septoria symptoms. The leaf spots were uniformly spread over leaf. The brown
initial streaks appeared on the lower side of the leaf and the corresponding upper
surface showed yellow to greenish yellow specks. The matured spots could be
distinguishable from sigatoka leaf spots. The spots were not linear, but they were more
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6A

6B

Fig. 6. A. black leaf streak and B. Septoria leaf
spot in cv. Robusta.

Fig. 7. Linear spots with orange to grey centre
with light to dark brown margin in cv.
Anaikomban (AA).

7

Fig. 8. M. musicola culture in PDA
medium. The centre of the
colony
is
raised
and
hemisperical.

broader than other sigatoka spots. The matured
spots had orange to grey centre with light to dark
brown margin (Fig. 7), yellow halo was bright in the
initial stages of spot development and on
maturation yellow halo was less prominent. In
Anaikomban (AA), the matured spots were similar
to Galanamalu (AAA), but the spots were very
linear. M. musicola spores were isolated from these
spots, though the spots appeared to be of septoria.
Isolation and microscopic observation

Fig. 9. Numerous conidia of M.
musicola produced in PDA
slants
incubated
in
refrigerator.

Released ascospores from the leaf spots of Robusta,
Galanamalu and Poovan in petri dish containing
plain agar were observed under 400 x magnification.
Spores had one septum, bipolar germination of
ascospore was observed. Ascospores picked out
from the plain agar media were transferred to PDA
and incubated. After one month, the culture grew
0.5 cm in diameter. The colonies had raised centre,
with either light grey, pink or light green colour
(Fig. 8). The backside of the colony was light brown
to black in colour.
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The fungus grew faster in slants than in the petri dish. When the slants were kept in
refrigeration, numerous conidia without distinct hilum were produced in the culture
slants containing PDA media (Fig. 9). The
hyphae had dumb bell-shaped structures (Fig.
10). The culture was identified as M. musicola
owing to its conidial measurements and absence
of hilum.

Fig. 10. Dumb bell-shaped hyphae of M.
musicola.

Fig. 11. Pycnidia-like structures in
septoria leaf spots.

Fig. 12. Ascospores trapped in plain
agar (3%) germinating from
only one side.

Conidia scraped from immature spots from the
cultivars Robusta, Poovan and Ney Poovan
(AB) had distinct hilum at the base and 2-8
septa were found. Based on the conidial
character it was identified as M. fijiensis. Often,
conidia without hilum were also observed and
this might be of M. musicola in cultivar in cv.
Rasthali.
Pycnidia-like structures (Fig. 11) were noticed
from the cross section of spots in cultivars
Robusta, Rasthali, Virupakshi and Nendran.
The conidia were straight, sometimes slightly
curved with 3-5 septa and hyaline. Septoria
spores were also observed in cultivars Nendran,
Virupakshi and Robusta. The ascospores
isolated from the spots of Virupakshi were twocelled and germinated from only one side
(Fig. 12). The ascospore size and shape,
pycnidia and conidia are typical of Septoria and
matched with the reports of Carlier et al. (2000).
The size of ascospore, pycnidia, perithecia and
conidia were measured and the comparative
measurements of all three pathogens are given
in Table 3. The leaf spot samples of cultivars
Nendran, Poovan and Rasthali had numerous
conidia but ascospores were not observed.
Spore pick technique as per protocol of Natural
(1990) resulted in contamination and not a
satisfactory method. From the matured spots,
Alternaria,
Curvularia,
Helminthosporium,
Pyricularia, Colletotrichum spores were also
recorded. The Alternaria spores were the major
contaminant with sigatoka and septoria conidia.
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Table 3. Comparision of measurements of conidia, ascospore, pycnidia and perithecia of three
leaf spot pathogens.
Pathogen
Septoria
M. musicola
M. fijiensis

Conidia
25.3-58.3
17.5-80.3
30.0-110.4

No. of septa
2-5
0-6
1-8

Ascospores
14.8 x 4.1
14.3 x 3.5
15.8 x 4.0

Pycnidia
28 - 39.8
-

Perithecia
40.5-52.3
45.3-70.6
47.8-72.3

Pathogenicity
The pathogenicity test was conducted under controlled conditions using tissue culture
plants of cv. Robusta. After 6 to 7 weeks, the spot appeared on the inoculated leaves.
However, the spots could not be distinguished among the three pathogens. On
observation, the spore typical to the cultures, were seen.
Germplasm screening
Based from screening of germplasm for leaf spot diseases at NRCB and experiments
conducted at various locations of India, the following clones are found to be resistant:
Sanna Chenkadali (AA), Pisang Lilin (AA), Paka (AA), Tongat (AA), Adakka Kunnan
(AB), Thiruvananthapuram (AAB), Manoranjitham (AAA), Peyan (ABB), Enna Benian
(AAB), Kalibow (AAB), Vadakkan Kadali (AA), Pisang Rajah (AAB), BRS1 and BRS2.
The screening was done during seasons favourable for the disease development. Nearly
185 accessions had black sigatoka-like symptoms. A thorough study is needed to
identify the resistance source for respective pathogens under multilocations.
Conclusion
The preliminary study conducted in peninsular India confirmed the occurrence of black
sigatoka (M. fijiensis) and septoria leaf spot (M. eumusae) in addition to yellow sigatoka
(M. musicola). The symptoms varied with the cultivar, altitude and season of occurrence.
Further investigations on pathogen diversity through intensive survey and resistance
sources among Musa spp., including wild species, to the different pathogens are
necessary. Crop losses due to these diseases are very conspicuous and small and
marginal farmers of South and Southeast Asia cannot afford to control them using
pesticides.
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Collection and characterisation of banana and plantains of
northeastern India
S. Uma, B. Shyam, R. Selvarajan & S. Sathiamoorthy1

Introduction
A Memorandum of Understanding (MoU) for Scientific and Technical Cooperation in
Plant Genetic Resources between Indian Council of Agricultural Research (ICAR), New
Delhi and the International Network for Banana and Plantain (INIBAP), a programme of
the IPGRI, was signed on July 19, 1999. This was to promote, develop and accelerate
close collaborative efforts in the conservation and utilisation of plant genetic resources
during the biennium 1997-1998 and was extended for another two years for a period up
to December 2000. Under this bilateral programme, INIBAP has agreed to fund a project
on “Collection, characterisation of banana and plantain in northeastern India”. The
project was initiated in the year September 1998 with the following objectives and work
plan:
•
•
•

Enhancement of banana genepool through prospection and collection in
northeastern region.
Characterisation of collected accessions and conservation.
Documentation and development of database.

Banana is strongly believed to have originated from Southeast Asia, many of the species
and clones have India as their homeland. Natural hybridization, mutation and
polyploidy have contributed a lot for wide diversity among Indian bananas which have
perpetuated through vegetative propagation over.
The northeastern states of India, namely Assam, Arunachal Pradesh, Meghalaya,
Tripura, Mizoram and Manipur have been richest sources of natural diversity. Under
this project, northeastern states were covered in phases and complete details on varietal
situation wild germplasm, eco-compatibility and prevailing pests and diseases.
Preliminary survey
The preliminary exploration for Musa germplasm (available) in the Northeastern states
was undertaken during January 1998, to prepare a base for the main survey from
September to October. Initially, northern Brahmaputra areas were explored resulting in
the identification of number of balbisiana clones growing wild, as well as in backyards,
which include clones like Bhimkol, Athiakol, Borkal Baista and Kechulepa. Commercial
orchards of Malbhog, Cheni Champa, Kachkel, Saapkal, etc. were observed for
identification any variability. An accession similar to Kachkel but with ash coated
fingers was found to have commercial significance around Guwahati in Assam state.

1

National Research Centre for Banana, Trichy, India
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Table 1. Areas explored and to be explored under this programme.
Sl.
No.
1.
2.

3.

Survey

States covered

Areas covered

Preliminary
survey
Exploration
phase I

Assam

Exploration
phase II

Tripura, Mizoram,
southern parts of
Assam

Khasi hills, northern Bhrahmaputra, Dhipu,
Karbiogug, Guwahati, Jorhat, Bharabani
Itanagar, Ziro, Potin, Lakhimpur, Dihrugarh,
Namaai, Digboi, Jorhat, Guwahati, Kaziranga,
Shillong
Agartala, Ambassa, Bishal Nagar, Uadaipur,
Dharma Nagar, Aizawl, Seling, Varingtc, North and
Central Mizoram

Nagaland, Manipur

-

Sikkim, Arunachal
Pradesh
selected areas

-

Areas to be explored
4.
Exploration
phase III
5.
Exploration
phase IV
6.
Exploration
phase V

Assam, Arunachal
Pradesh, Meghalaya

-

Exploration in Khasi hills of Meghalaya led to the identification of few wild acuminata
diploids. They exhibited a unique characteristic of four ovules in each locule arranged in
irregular rows. The suckers were collected for NRCB genebank for further
characterization. In the same Khasi hill range of Kamrangia village (400 m. from m.s.l),
few unique wild accessions were collected by name Rigitchi and Rissue with medicinal
cultivars. Explorations were extended in the Khasi Hill ranges towards Dhipu and
Karbiangurg, to add few more new accessions, Nuchan, Nuzzat, Numit, Lorrop, Luchin
and Lonbing King Tongk. Survey also included visits to Horticultural Research Station
(HRS), Assam Agricultural University Kahikuchi; A.A.U. Jorhat, ICAR complex
Barapani and NBPGR regional station, Barapani. The preliminary exploration resulted to
the collection of 20 new accessions to NRCB field gene bank.
Exploration phase 1
Northeastern states, being a hilly terrain poses a very tough route to the explorers, but
with the valuable assistance from the State Forest Research Institute (SFRI), Itanagar, this
exploration work was undertaken.
Distribution of wild Musa species is spread across the tropical, sub-tropical and to some
extent into the pine forests. Most of the areas explored in northeastern India harbouring
wild bananas, were the tropical semi evergreen forests and subtropical forests. These
semi evergreen forests, due to their accessibility, are exposed to large scale exploitation
and destruction as a result of shifting cultivation by the local tribes. In the semi
evergreen forest ranges of east Kemeng, lower Subansiri, western Lohit and parts of east
Siang districts, wild banana is cohabited with forest tree species like Elaeocarpurs,
Pterospermum, Altingia excelsa, Terminalia, Myriocarpa along with abundant bombax and
Dendrocalamus (bamboo).
Like any other northeastern states, wild banana dominates the forest flora with elaborate
clumps under different stages of growth. The Apatani and Nitshi tribes, the major tribal
groups of Arunachal Pradesh co-habit the wilderness. These tribes are nomads adhering
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to shifting cultivation, otherwise known as Jhum cultivation wherein a tribal group of
50-100 earmark and occupy a forest area of 10-25 ha and clear the jungle by cutting
down all the trees. Fire is set to suppress any underground propagating material. Due to
this, over a period of time, many natural Musa habitats have been wiped out. This
accentuates the need to collect germplasm before its extinction from these areas of
maximum diversity.
In Riverine Semi evergreen forests in the Renga river valley of lower Subansiri district
and river valley in East Kemeng district, bananas were reported to grow along the river
banks, riverine plains and swamps probably an edaphic modification to suit the
locations. In these regions, most of the trees are deciduous and lack a dense, closed
canopy. The trees are generally buttressed but due to more openness to sunshine, these
were the first places to be cultivated by tribals through forest clearing. Bananas were
earlier reported to be grown in swamps no longer exist due to human interference and
settlement in these valleys.
The entry from Assam into Arunachal Pradesh was via Kimin towards Ziro. In
Arunachal Pradesh, banana is a crop of wilderness and commercial cultivation is
unknown. Occassionally, for the backyard gardens people have selected cultivars like
Giant Governor, Malbhog, Champa, etc., for domestic utility. The route is a tough hilly
track where wild bananas are grown luxuriantly on either side of the road. These are
mostly the balbisiana clones and much diversity was noted for wild types in the Potin
range. Eumusa and Rhodochlamys have co-habited a vast stretch with intermittent spread
of clumps. A clear-cut eco-domination by Eumusa over slender, shy suckering but
attractive Rhodochlamys members was noted.
Musa acuminata and M. balbisiana exhibited a well-balanced spatial distribution but
occasionally both growing in a same locality. It was also noticed that Rhodochlamys
group had better eco-compatibility with acuminata while in adjoining areas where
balbisiana was dominant, no other Musa species were found growing. To be more
specific, no other flora was noticed growing along with M. balbisiana except for
occasional clumps of Demdrocalamus and trees like, Mesua ferrea, Altingia excelsa,
Clerodendrum wallichii, etc.
In Assam state, banana is a part of agricultural landscape. Though banana cultivation is
not on commercial scale, varieties like Jahaji (AAA), Cheeni Champa (AAB), Giant
Governor (AAA), Lacatan (AAB), Malbhog (AAB) etc. are grown in small landholding
ranging from 0.5 to 1 acres. The varieties like Bhimkol (BBB), Kechulepa (ABB), Kachkel
(ABB) are grown in all homesteads along the household territory. Bananas are grown on
bunds demarking ones own fields from the neighbour’s fields. Bhimkol, a triploid,
seeded, balbisiana clone is most widely grown backyard cultivar for its medicinal
utilities. Though seeded, due to its soft seeded nature, pulp is consumed along with
seeds. The other utilities of banana of northeastern folks is compiled and provided
elsewhere in this report.
Meghalaya State is hillier compared to adjoining Assam located at an altitude of 8001000 m. above msl. Garo, Khasi and Jaintia tribes thinly occupy the Garo, Khasi and
Jaintia hills. During the present survey Khasi hill range of Meghalaya was partially
explored for Musa variability. Commercialisation is slowly catching up owing to its
vicinity to Shillong (the capital of Meghalaya) and changes have taken place in the field
of horticulture. Shallow slopes of Khasi hills are put into cultivation by fruit crops like
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banana and pineapple. The commercial cultivars of banana are the unique Kait Long
(AAB) and Giant Governor (AAA) cultivated in a small scale. Borkal Baista (ABB) is
another variety of homestead gardens. This is a triploid, non-seeded balbisiana clone
with dual utilities of culinary and dessert purposes. In all the three states of Assam,
Arunachal Pradesh and Meghalaya, an unusual utility of malebud as saled was
documented. The immature male bud of wild banana even before the shooting is
harvested and used for cooking special dishes.
These exploration expeditions conducted in the three northeastern states of Assam,
Arunachal Pradesh and Meghalaya led to the collection of accessions including both
wild and cultivated varieties. Though there are earlier reports about variability with
respect to section Rhodochlamys apart from Eumusa. Present explorations confirmed the
occurrence of Rhodochlamys in the forests of Arunachal Pradesh and Assam. Four unique
types were identified and collected for planting in NRCB genebank whose subspecies
level required further confirmation. Musa velutina, a Rhodochlamys member with pink
coloured dehiscent fruits, was also found in Assam and Arunachal Pradesh.
Table 2. Details of new accessions collected during the exploration, 1998-99.
Section Eumusa - wild

8

Musa acuminata - 3 subspecies

3

Musa balbisiana - 4 clones

4

Section Eumusa

- Genus Musa - cultivated

20

Acuminata - balbisiana hybrids - AAB and ABB types
Balbisiana - diploid and triploid clones
Section Eumusa

- Genus Ensete

Section Rhodochlamys - wild

1
3

Species not identified - 3 clones

During explorations in Diphu hills of Assam, Ensete glaucum (small) was noticed
growing wild in the forest. The other members of Eumusa collected during exploration
included two acuminata diploids and four wild balbisiana clones apart from AAA, AAB
and ABB members.
Exploration phase II
Three northeastern states, namely Tripura, Mizoram and Southern Assam were
explored during May 2000 for variability in banana and plantain. These are areas where
natural introgression has occurred between Musa balbisiana of the Indian subcontinent
with Musa acuminata from southeastern Asia.
Banana varietal situation in Tripura
Banana is one among the major fruits in Tripura after jackfruit, mango and litchi. Very
few growers within the city limits are following annual planting system in some
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commercial varieties like Silk and Monthan. Under Jhum cultivation system, banana is
used as a shade crop and also raised all along the contour bunds for which hardy
varieties like Cheeni Champa and cooking types like Somai and Kanchkola are used.
Commercial clones of Tripura are Cheeni Champa (Mysore, AAB), Silk (AAB),
Kanchkola (ABB), Somai (Pisang Awak, ABB) and other ethnic varieties.
Status of banana diseases in Tripura
Fusarium wilt is the main problem in almost all banana-growing regions. Susceptible
cultivars in order of severity are Sabri (Silk) followed by Somai and Kanchkola. Among
the viral diseases banana bunchy top is very rampant throughout the state with
maximum occurrence on Cheeni Champa (Mysore, AAB). Occurrence was also noticed
on Jahaji (Cavendish, AAA), Dwarf Cavendish and on Aittakola. Occasional occurrence
on wild bananas was also noticed along the Teliamora and Attaramora forest ranges.
Banana streak virus was seldom observed in all three states of Tripura, southern Assam
and Mizoram. But in southern Assam, occasional occurrence was noticed in outskirts of
Silchar town. Champa (Mysore, AAB) suckers obtained from south-central Mizoram
expressed BSV symptoms.
Varietal situation in Mizoram
Amrit Sagar, a unique AAA cultivar, is popular among smallscale and backyard
growers. This variety is popularly known as Vai Bahl-al or Cavendish. Banana is
referred as Bal-hla in Mizo language like Kola, Kela or Vazhai. In the northern
provinces, Cheeni Champa is commercially grown in areas of Bhaga Bazar, Vairengte,
Bilkhaw Thlir, Kolasib, etc. This cultivation is influenced by popular cultivation of cv.
Mysore in Assam district. Apart from the commercial cultivars, many wild types are
abundantly grown. These are preferred for their male flower buds to be used as
vegetables.
Wild bananas of Mizoram are (Chang-el):
1.
Changthir
2.
Changpui
3.
Changpawal
4.
Lairawk
Local cultivars are (Bahl-al):
1.
Banria (P. Awak)
3.
Ban Pawl
5.
Kawrmuat

5.
6.
7.

Chang Vandawt (Musa ornata)
Sai Su
Lai Roop

2.
4.
6.

Vai Bah-Vaa Kual (Amrit Sagar)
Lang Bahlal
Balbattla Thir (Mysore)

Changthir is the predominant M. balbisiana cultivar found grown through out Mizoram.
Of all these wild types, Sai Su (Ensete glaucum) is the most unique wild type. Unlike
other cultivars, Sai Su does not put forth any side suckers and seeds form the only
source of propagation. Flower bud is unusually large, bracts are loosely packed and
bracts are pale green in colour. Bracts are persistent in nature giving the flower bud the
look of an inverted green lotus flower. The plant sap is unusually orange in colour. The
succulent leaf sheaths is a popular vegetable sold in market in pieces of 1 to 1.5 ft. Fibre
from the leaf sheath is used for making fancy articles. This wild variety is mostly seen in
dry, sandy or rocky places.
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Table 3. Details of Musa accessions collected during exploration.
Genus

Section

Site of collection

-

Assam, Tripura,
Mizoram
Assam, Tripura,
Mizoram
Tripura

Ensete
Australimusa
Calimusa

Eumusa
Musa

Rhodochlamys

Tripura
Tripura,
Mizoram
Tripura,
Mizoram
Tripura,
Mizoram
Tripura
Assam,
Mizoram
Assam, Tripura,
Mizoram

No. of
accessions

Economic
utility

Ensete
glaucum

1

M. acuminata
M. balbisiana
Cavendish
(AAA)
Red (AAA)
Silk (AAB)

9
1
2

fibre,
vegetable,
ornamental
fruit,
vegetable

Species

1
3
1

fruit,
vegetables

Mysore
(AAB)
Pisang Awak
(ABB)
Unique
M. ornata

1
1

ornamental

Unidentified

5

-

3

Constraints
These accessions from northeast have been collected from areas where temperature
range is between 30-32oC (max), 4-6oC (min), 60-80% RH and an annual rainfall of 1600
mm. These accessions find it difficult to acclimatise and establish to the climatic
o
conditions prevailing in Trichy, where maximum temperature ranges from 38-40 C with
o
a minimum of 20-22 C and a relative humidity of 40-80% and an annual rainfall of 600
mm. Quite a few of these accessions which were brought from these exploration have
been lost. Efforts are made to recollect them through resource persons from the
respective states. Other alternatives of identifying one of the Northeast Agricultural
University or State Horticultural Department to take care of one set of duplicate
accessions is being explored by ICAR and NRCB jointly.
Characterisation
The accessions collected during the preliminary exploration to northeastern India were
planted in the NRCB genebank for evaluation and characterization. The 15 character
score card developed by Simmonds and Shepherd was used to give the initial genomic
status. But the ambiguity posed by this score card in providing genomic states to various
collections led us to develop a new score card, which is provided. The trend of scoring in
most of the accessions for a particular genome was used as the score range. Though a
modified scoring system was suggested, providing a distinct cut off scores for different
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genomes was not easy. Many overlapping scores were noticed between the genomes like
AAB and AB; ABB and ABBB, which need to be characterised using molecular markers.
Table 4. Modified score card for assigning tentative genomic groups.
Score card of
Genomes

Simmonds & Shepherd
(1982)

Silayoi & Chomchalow
(1987)

Singh & Uma
(1996)

AA/AAA

15-23

15-25

15-25

AAB

24-46

26-46

26-45

AB

49

-

46-49

ABB

59-63

59-63

59-65

ABBB

67

-

66-69

BB/BBB

-

70-75

70-75

Evaluation and documentation
The explored accessions have been planted in NRCB field genebank and are being
evaluated for their growth, yield parameters along with their reaction to biotic and
abiotic stresses.
Musa germplasm information system (MGIS)
MGIS facilitates germplasm curator with a management tool for their collections and
assembles the information available in these collections. This forms an international
database for use by the researchers working on Musa conservation and improvement
programmes.
International Network for Improvement in Banana and Plantain
(INIBAP), France, centralises the information from all the genebanks at global level after
verifying its validity and coordinates all the activities of the system. As a first level
programme, it organised training programme for the genebank curators in which a
scientist from NRCB was trained. The Institute is provided with software to document
the data on germplasm and to develop a database. This has been successfully installed
at the centre and a database has been created with full details of characterisation and
evaluation data for 50 accessions comprising of wild and cultivated accessions. The
passport data has also been provided for 809 accessions collected by the centre.
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Current research activities on banana diseases and pests
in Indonesia
Ahmad Dimyati1, Djatnika2, C. Hermanto2, N. Nasir2 & Ahsol Hasyim2

Banana production systems
Indonesia is one of the most important banana-growing countries in Asia, with
production spread across Sumatra, Java, Bali and Sulawesi. These areas are hot and
O
O
humid, with mean temperatures ranging from 27.5 C at sea level to 20 C at 1000 masl.
Relative humidity in these areas varies between 60 to 90% while annual rainfall ranges
from 1200 to 1250 mm.
Most banana production systems can be categorized into four systems. These are
backyard production, mixed crop production, commercial smallholder production, and
corporate farm (agribusiness) plantations. The majority of banana growers are
smallholders, with most field management done with household labor and by hand.
The banana is advantageous because of its year-round nonseasonal fruit production.
The leaves also have an economic value as wrapping material for traditional food in
areas near the cities.
The backyard production is the dominant system and attractive to smallholders because
of the availability of land around the homestead, the ease of crop establishment,
minimum capital investment and easy monitoring. The system is characterized by high
diversity of clones (which vary by region) and primary use of bananas for home
consumption. As a result, clone selection is based on family preferences rather than
market demand. Management demands include weeding, removal of dried leaves and
harvesting. Household wastes, animal manure and compost are commonly used as soil
amendments. Generally, commercial fertilizer and chemical pesticides are not applied.
Mixed production systems may be complex. Banana may be planted as a primary or
secondary crop and as either a perennial or short-term crop. As a primary perennial
crop, banana can be intercropped with rice, cassava or vegetables. Banana may also
serve as the primary (short-term) crop during the first 2-3 years in a cocoa plantation
during which it provides shade to the young cocoa.
As a secondary crop, banana is often associated with coconut, cocoa, clove and coffee.
Banana is a popular choice for mixed farming systems because it is relatively easy to
propagate and provide both food and cash for household.

1

2

Research Centre for Horticulture and Miscellaneous Crops, Jakarta, Indonesia. Research Institute for Fruits, Solok,
Indonesia.
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Indonesia possesses a great wealth of banana germplasm. Nationally, the most
important commercial clones in Indonesia are dessert bananas such as Pisang Ambon, P.
Ambon Lumut, P. Raja Serai, P. Raja, P. Barangan and P. Mas and cooking bananas such
as P. Tanduk, P. Oli, P. Nangka and P. Kepok. In west Sumatra, the main clones are P.
Kepok, P. Buai, P. Ambon Randah, P. Ambon, P. Raja, P. Raja Serai and P. Manis.
The status of Panama disease
In Indonesia, banana and plantain have been cultivated as a traditional fruit for
centuries. Dessert banana is the most popular table fruit and baby food in Indonesia.
The first fruit that is introduced to babies are the cultivars Cavendish or Gros Michel.
Plantain such as P. Tanduk, P. Raja and Pisang Kepok are used as processed food
products for chips or fried banana. Currently, either banana or plantain succumb to
Panama disease which is caused by Fusarium oxysporum f.sp. cubense (Foc).
Panama disease was first described in 1916 in Java. This disease is becoming more
widespread from year to year. In 1996, infected plants were found in Irian Jaya, the area
previously considered free from Panama disease. Panama disease destroys most banana
cultivars throughout Indonesia and it is reported that this disease is the most destructive
field disease in the entire world. Recently, P. Tanduk and P. Kepok are among the
plantains attacked by Foc.
Despite the economic importance of banana, there is a dearth of information on the
economic losses from the disease. However, there is some data on the economic losses
in Lampung, Riau and Halmahera. In the period of 1993-1994, the province of Lampung
lost more than 20 000 tonnes of banana valued at US$1.2 million. At the same time,
while 300 hectares of Cavendish had been exported to Japan and Middle East, the
province of Riau also lost US$2.5-3 million worth of bananas. If it is true that some 1000
out of 10 000 hectares of a big commercial Cavendish plantation in Halmahera was
affected by Panama disease, then more economic damage on banana have occurred in
this area. Local cultivars, e.g. P. Barangan in Northern Sumatra, P. Ambon in Western
and Eastern Java, and others in Bali and Nusatenggara are also destroyed by Panama
disease. The plantains P. Tanduk from Lampung, P. Raja from Sumatra and P. Kepok in
West Sumatera are affected in the field. Meanwhile, there is little information on
recommended agronomic practices to control Panama disease. At present, the disease is
limiting banana cultivation, increasing the cost of production and affecting job
opportunity.
The difficulties controlling the Panama disease
Programmes investigating conventional methods including the use of pesticides,
rotations and biocontrol for the control of Panama disease, began in the 1980s.
However, in the absence of the scientific information on host, pathogen and
environment interaction, little progress has been made. Moreover, during this time,
many plantations have been seriously damaged by the pathogen.
Persuading growers to change agronomic practices is difficult because banana and
plantain have been traditionally grown for centuries. Growers have ignored available
advice because of the lack of information on cultivar recommendations and disease
control. The propagation of banana plantlets using tissue culture is well-developed, but
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in the absence of the data on pathogen diversity and cultivars tolerant to disease, there is
little to be gained by using such material.
Tissue culture is much talked about as a superior propagation means with plants
guaranteed free from pests and diseases, including Foc. However, studies on Foc
indicate that tissue culture plants succumb more quickly to the pathogen than plants
established from suckers and bits. Reports from Australia and Africa mentioned that 3050% tissue-cultured plants succumbed to the disease. In West Sumatera, 90% cultivar
Kepok (BBB/ABB) of plantain and Gros Michel (AAA) derived from tissue culture were
attacked by Foc, six to eight months after planting in the infected area. The diversity of
existing races and strains are believed to influence the virulence of the pathogen.
Toward Panama disease management
Panama disease is responsible for the decline in banana production and plantations in
Indonesia. The disease is complicated by the existence of four distinct pathogenic races
of Foc, characterized by distinctive host ranges within banana varieties. The presence of
virulent forms of race 4 of Foc and its rapid spread, now threaten banana production.
From 55 isolates derived from 18 cultivars in West Sumatra and West Java, more than
80% were race 4 in five different VCGs. On the basis of the complicated relationships
amongst the pathogen, host and ethnobotanical factors (cultural practices), several lines
of research and extension programmes have to be developed:
1. To characterize and map the current distribution of the various VCGs in Indonesia.
2. To provide a disease risk assessment service for proposed banana agribusiness
development.
3. To give priority to obtaining more productive banana clones of cv. Red-Barangan
with export characteristics and resistance or tolerance to Foc.
4. To work on the programmes of biological control and mycorrhiza.
5. To develop extension programmes to educate both traditional and commercial
growers about appropriate hygiene and quarantine practices required to control the
spread of different VCG strains of Foc.
6. To establish the disease susceptibility of currently available dessert and cooking
cultivars.
7. To give research priority to obtaining more productive banana and plantain clones
through surveys and exchange material with other countries.
Current status of banana bacterial wilt disease
Banana bacterial wilt disease is one of the most destructive disease in Indonesia (Sulyo
1992). The disease ranked first among Indonesian banana diseases since 1991 (Anonim
1991), and is infecting and killing plant tissue systemically (Eden-Green 1994).
Symptoms were mainly observed on the opened leaf, includes yellowing of the leaf,
starting from the midrib and results to wilting in a week. When the infected corm was
cross-sectioned, pale yellow to dark brown/blackish blue discolouration appeared,
usually in the centre of the corm. The more specific symptom is greyish white to
reddish brown gum that appears when infected tissues were cut (Tjahjono & EdenGreen 1988; Muharam & Subijanto 1991; Sulyo 1992; Wiyono et al. 1993; Baharuddin
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1994). Frequently, the infected plants still look normal externally, leaves still green and
the fruits develop normally. The external normal appearance of the infected plants (or
part of the plant) increases the possibility of disease spreading by the plant material (in
this case by fruits) to non-endemic area (Hermanto et al. 1998). Internally, vascular
discolouration can be observed at peduncle, pedicel, pseudostem and fruit. There are
two internal symptoms on fruit, i.e. pulp soft rot (on P. Kepok and other cooking
banana) and dry rot (on P. Ambon Hijau and other dessert bananas).
The disease started from Selayar islands (South Sulawesi) in 1907 (Wardlaw 1972),
where the name Pseudomonas celebensis originated, and has currently spread to almost all
of banana production centres in Indonesia. In 1987, the disease was found in South
Jakarta (Eden-Green 1987), and spread to many areas in West Java in 1989 (Subhan and
Mulyadi 1989 in Satari & Sumarauw 1990). By 1999, Tengah, Jayapura (Soenarjono et al.
1989; Muharam & Subijanto 1991; Edison et al. 1998; Eden-Green 1992; Sahlan & Nurhadi
1994; Hermanto 1999), West Sumatera (Sahlan & Nurhadi 1994; Hermanto et al. 1998;
Setyobudi & Hermanto 1999), Bali, and West Nusa Tenggara (informal information)
were also found to have incidence of banana bacterial wilt.
Several Musa cultivars, including commercial cultivars (e.g. Grande Naine, Petit Naine,
Gros Michel, etc.), plantains and wild Musa were examined in the laboratory. None of
the tested plants appeared to be resistant to the disease (Table 1).
While there are no resistant varieties as shown by laboratory testing, several reports
showed that the disease mainly affected some varieties of cooking banana. Sahlan and
Nurhadi (1994) reported that the disease is affected mostly balbisiana, namely P. Batu
(Kepok), Jimbluk, Kapas, Nangka, Kepok Besar and Muli in West Sumatera, Lampung
and West Java. Similar cases were also reported by Hermanto et al. (1998), Hermanto
(1999), and Setyobudi and Hermanto (1999) on some cooking bananas like P. Kepok,
Nangka and Raja. This shows the different preferences of the vector to cultivar
diversity. Research results show that some cooking bananas have sweeter banana
flower as compared to the other cultivars.
Disease development varies according to place and time.
Pattern of disease
development at Gunung Talang district (advance infected location) is polynomial (e.g. Y
= 20.896** + 0.137X - 0.00068**X2), while at Gantung Ciri (the location that bordering
infected and new infected area) and Sawah Sudut (new infected area) are liniar, with
**
**
**
**
**
**
equation Y = 15.747 + 0.121 X (r = 0.47 ) and Y = -3.909 + 0.173 X (r = 0.822 ),
respectively. For disease incidence at the former observation, percentage of plant in
generative phase and population of borer have an important role in the model of disease
**
**
development, with the equation Y = -6.109 + 0.763 X1 + 0.482 X2 + 0.562X3, where X1 =
former disease incidence, X2 = percentage of plant in generative phase, X3 = population
of borer (Hermanto et al. 2000).
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Table 1. Reaction of some banana cultivars towards ‘blood disease bacterium’.
Type
Wild

Dessert

Plantain

M. ornata
M. acuminata var. bantamensis
M. balbisiana
M. acuminata var. nakii
M. salaccensis Ney Poovan
Pisang Mas
Pisang Bawang
Pisang Ambon
Grande Naine
Petit Naine
Valery
Gros Michel
Pisang Susu
Pisang Langsat
IC2
Pisang Raja
Pisang Sutera
Laknau
Curare
Chato
Pisang Kepok

AB
AA
AA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAAA
AAB
AAB
AAB
AAB
ABB
ABB

Incubation period until
beginning of wilting and
necrosis of all leaves
(days)
9-14
10-16
8-16
10-17
10-21
9-18
10-22
10-24
12-23
11-23
11-20
12-24
13-21
13-22
15-27
14-25
14-26
11-24
10-24
11-20
10-23

Pelipita
Saba
Klue Teparot

ABB
BBB
ABBB

16-27
17-35
16-30

Species/Cultivar

Genome

BB

Reaction
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Baharuddin, 1994

A research conducted in 2000 observed a 50% disease incidence in the two districts.
Surface response of the disease in space and time is Y = -2 441 + 4 649**X1 + 6 827**X2,
2
adjusted R = 0.668, n = 28, where X1 = space, and X2 = time.
Research in controlling the disease has been initiated on March 2000 in Solok Regency,
West Sumatera. The control method consist of bagging, debelling and control
(untreated) plot. The results have been favourable.
Research needed in managing bacterial wilt disease
1. Construction of a resistant gene pool through breeding and resistance induction
2. Host-vector-disease relationship in disease development
3. Characterization and mapping of the current distribution of blood disease
4. Development of control technology for preventing spread and infection of the
disease through agronomic and quarantine ways
Current research activities for banana weevil
Farmer management of banana weevil is important. Farmers employ a variety of
cultural methods to reduce pest incidence. These include selection of clean planting
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material, regular removal of old leaf sheaths and digging up and drying of old corms.
However, the use of clean planting materials to prevent dissemination of weevils was
only recognized by a few farmers. Trapping was viewed as labour intensive with
unclear benefits. Farmers at most sites expressed desire to use pesticides against banana
weevil although, only a few of commercial growers do so.
a. Population dynamics of banana weevil borer in West Sumatra
This study was carried out in a banana field at Sitiung located inland (110 m alt.) from
September 1997 to February 1997. The annual rainfall was 2884 mm and it is seasonal.
The main study field (50 x 50 m) contain 225 mats of banana. Trapped weevils were
sexed, marked on their elytra with lacquer and released on the same plant. Figure 1
shows that the fluctuation on the number of adults estimated using Jolly and Sebers
formula (Ni) (Jolly 1965; Seber 1973). The result of the study shows that the abundance
of adult populations at Sitiung fluctuated with distinct peaks. Field data suggested that
weevil populations were negatively correlated with numbers of Plaesius javanus. The
data suggest further that P. javanus may be inherently capable of regulating weevil
populations. The weevil damage at Sitiung was almost the same and little damage
occured throughout the year (Table 2).

5000

120

100

4000
3500

80

3000
2500

60

2000
40

1500
1000

20

No. of predator adult, P. javanus

No. of weevil adult, C. sordidus

4500

500
0

0
7 17 27 7 17 27 7 17 27 7 17 27 7 17 27 7 17 27

Fig. 1. Population dynamics of banana weevil adults in West Sumatra.

Twenty harvested plants were evaluated 1-2 weeks after harvest. Banana weevil
damage in Table 2 was lower than in Table 4. This was attributed to lowland location of
Sitiung (110 m from sea level), although this variety is very susceptible to banana weevil.
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Table 2. Banana weevil damage in Pisang Kepok (AAB) at Sitiung site (under 110 m asl),
September 1997 to February 1998.
Surface damage
Month

PCI
lower

September
October
November
December
January
February
March

upper
6.90
6.87
7.10
9.10
8.82
7.00
7.59

14.90
15.40
19.60
28.50
27.50
22.70
21.43

mean

Cross section damage
Lower

DP

10.90
11.13
13.35
18.80
18.15
14.85
14.53

inner

3.64
4.57
5.42
7.64
7.50
5.95
5.78

0.00
0.15
0.08
0.14
0.14
0.30
0.20

Upper
outer
1.25
1.70
2.00
2.57
2.40
1.90
1.97

inner

outer
0.14
0.90
1.00
1.25
1.30
1.10
0.96

0.00
0.01
0.08
0.15
0.25
0.09
0.09

PCI = Percentage coefficient of infestation, presence/absence on grid of 20 section. DP = Damage to periphery, Percentage
area in galleries. Hasyim and Harlion 1998.

b. Mortality agents of immature banana weevils
Preliminary experiments were undertaken to assess mortality of banana weevil at
immature stages in two sites in West Sumatra. Banana weevil eggs, larvae and pupae
were collected from field sites in Sitiung and Baso and transferred to the entomology
laboratory of Research Institute for Fruits (RIF) at Aripan-Solok where they were reared
under ambient temperatures (Table 3). Egg mortality was largely attributed to fungus
infection, which may have been from laboratory contamination. Both the larval and
pupal stages were attacked by phorid parasitoids.
Table 3. Mortality factors of egg and immature stages of field-collected banana weevil during
rearing in the laboratory.
Mortality
Initial
number
Stage
Recruitment
Parasite
Fungi
Dried/Rotten
reared
to next stage
Egg
Larva 3-5
Pupae

210
637
115

0.0
5a
1a

19.0
3.5
4.5

2.8
16.5
13.0

78.1
79.6
81.7

a

Phoridae

c. Candidate natural enemies for biological control programme
Hymenopterous parasitoids were noticeably absent from immature weevils, while larval
and pupal parasitism by phorids was low. Nevertheless, a more intensive search in the
Indonesian-Malaysian region may reveal more promising anthropod natural enemies.
Currently, the only promising predator for control of banana weevil is P. javanus. Both
the larvae and adults prey on weevil larvae in banana residues. The larvae are very
voracious. In the laboratory, they attack all larval instars and may consume 30-40 per
day (Kalshoven 1981). In natural surroundings, the larvae are omnivorous and
cannibalistic.
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Research on microbial antagonists of banana weevil is currently being undertaken in
Indonesia. In Sumatra, the fungi Beauveria bassiana and Metarrhizium sp. attack the
larvae and adult of C. sordidus more frequently in highland sites than in lowland.
Factors required for developing a microbial control programme and influencing the
efficacy of entomopathogens have been described by Falcon (1971). An understanding
of pest biology, ecology and behaviour as well as life table parameters can be used as a
foundation for knowing when and where to apply entomopathogens. Naturally
occurring fungal infections are dependent upon a high cost density and favourable
temperature and moisture. The banana weevil tends to occur in low population
densities and it is unclear to what degree fungal spores might be passed from one
individual to another.
Falcon (1971) also notes that ideal microbial agents pose no human health hazard, are
easy to produce, have a narrow host range and do not attack beneficials, and are
sufficiently virulent against the host.
Many strains of Beauveria bassiana and
Metarrhizium anisopliae resulted to high mortality of banana weevils in the laboratory,
but problems in cost-effective delivery systems, field persistence and efficacy in
controlling banana weevils under field conditions remain to be demonstrated.
Pathogen virulence, persistence and dispersal are likely to be affected by abiotic and
biotic environmental factors (Falcon 1971).
Both B. bassiana and Metarrhizium sp. were isolated from banana weevil adults in
Indonesia. While these entomopathogens may have an important role in controlling
banana weevil within Indonesia, it remains unclear whether or not these fungi would be
more effective than local strains in controlling banana weevil biotypes found in Africa.
Protocols exist in Uganda and elsewhere for the importation of microbial agents but
determination of pathogen host range remains a critical concern.
d. Host plant resistance to banana weevil
Host plant resistance might be integrated with biological control to form an integrated
pest management strategy for the control of banana weevil. Partial control by a natural
enemy might be sufficient if farmer clones are resistant or tolerant to attack. Similarly, it
is important to understand factors influencing weevil population dynamics under field
conditions when selecting sites for searching natural enemies. Low weevil populations
may be due to resistant clones rather than natural enemy control.
To date, little information is available on the susceptibility or resistance of Indonesian
banana clones to banana weevil. In order to search for resistance to banana weevil
borer, a screening trial on the response of various clones of banana is necessary. Under
field conditions in West Sumatra, Musa genome group AAB was most susceptible to
banana weevil attack, while AA clones were relatively resistant with little damage and
limited penetration into the corm (Table 4) (Hasyim et al. 1997). In Uganda, plantain
(AAB) and highland banana (AAA-EA) were most susceptible to banana weevil attack
while Gros Michel (AAA) demonstrated peripheral damage similar to highland cultivar
but penetration into the corm was limited (Gold et al. 1994). Introduced beer type (AB,
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ABB) was relatively resistant with peripheral damage and limited penetration into the
corm.
Table 4. Banana weevil damage of different banana genome groups in West Sumatra under
banana base cropping system (April 1995-March 1996).
Genome
group

AAB
ABB
AAA
AA

Banana type

Jantan, Raja, Raja Serai
Kepok, Kalek, Awak
Buai, Ambon, Randah
Rotan, Lidi dan Mas

Surface damage

Cross section damage

PCI

DP

inner

outer

38.63 b
50.95 a
32.55 ab
10.00 c

17.73 b
36.57 a
18.75 b
4.00 c

6.25 b
12.57 a
7.53 b
0.50 c

10.67 b
19.70 a
11.55 b
2.75 c

PCI = Percentage coefficient of infestation, presence/absence on grid of 20 section. DP = Damage to periphery, Percentage
area in galleries. Cross section damage = Percentage areas in galleries. Data collected from 20-40 days after plant harvest.
Hasyim et al. 1997.

e.

Research needed for banana weevil

A successful biological control programme is based on a solid foundation of ecological
research and studies on population dynamics for both the pest and candidate natural
enemies. In order to study the feasibility for biological control against banana weevil,
we propose that the following research areas be a priority in Asia:
1) Seasonal fluctuations in abundance of banana weevils should be documented in
detail. The cause of fluctuation should be analyzed in relation to the change in
climatic conditions and the action of natural enemies.
2) Determine areas where the weevil indeed is of minor importance and whether
cultural methods and biological agents may be responsible for this low pest
incidence.
3) Ecology of banana weevil adults especially longevity and fecundity under field and
laboratory condition.
4) Biology of natural enemies including host specificity, searching behaviour, fecundity
and generation time, intra- and inter-specific competition.
5) Quantitative data relating life table parameters to environmental and food
conditions are needed in order to develop efficient techniques for rearing and for
predicting population development.
6) Experimental methods should be applied for evaluating the impact of natural
enemies. This information should provide insight into when natural enemies should
have maximum effect.
In Indonesia, environmental conditions are extremely diverse. Therefore, the results
obtained from one geographical location can be rarely applied to elsewhere. The high
diversity of habitat condition in which crop-pest-natural enemies system exists, is not
only essential to develop effective control measures, but also provide a fascinating arena
for ecological study in general. It is hope that this workshop will provide the foundation
for establishing a network for exploration of candidate natural enemies in Asia so that
they may be introduced in other countries.

119

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Current research activities for banana nematode
Nematode feed on banana roots, causing root necrosis, which gradually leads to root
rotting and reduced number of functional roots. Nematode species occurrence,
distribution and abundance is influenced by many factors including elevation
(temperature), soil characteristic, cropping history, host plant cultivar and crop
husbandry. Reports were given on positive correlation between nematode densities and
increased necrosis or toppling and an increase in total root mass with nematicide
treatment to susceptible cultivar (Speijer et al. 1994). The result indicated that root
parasitic nematode could be found throughout banana plantation in West Sumatra.
Pratylenchus spp., Radopholus similis, Helicotylenchus spp., and Meloidogyne spp., were
nematode species commonly found with their prevalence and SE. about (69.35 + 7.99)%;
(51.71 + 8.42)%; (47.37 + 5.95)%; and (42.22 + 7.53)%, respectively. While Rotylenchus
spp. and Tylenchus spp. were rarely found with their prevalence and SE. about (19.34 +
5.33)%; and (7.39 + 4.09)% (Table 5).
Table 5. Species and prevalence of nematode in West Sumatra.
Species and prevalency of nematode
Location

n

Kod. Padang
Kod. Pariaman
Kab. P. Pariaman
Kab. Pasaman
Kab. P. Selatan
Kab. Solok
Kab. Sijunjung
Kod. Bukittinggi
Kab. T. Datar
Kab. 50 Kota
Means + SD

8
7
36
21
26
15
23
5
12
19

R. similis
25.00
71.43
68.57
71.43
30.77
7.69
8.70
60.00
83.33
73.68
51.71+
8.42

Pratylenchus
37.50
100.00
100.00
38.10
61.54
53.85
30.43
80.00
100.00
84.21
69.35+
7.99

Helicotylenchus
62.50
42.86
40.00
47.62
53.85
53.85
13.04
20.00
83.33
63.16
47.37+
5.95

Meloidogyne
12.50
28.57
51.43
23.81
57.69
38.46
4.35
60.00
91.67
36.83
42.22+
7.53

Rotylenchus
0.00
0.00
28.57
19.05
23.08
0.00
4.35
40.00
41.67
10.53
19.37+
5.33

Tylenchus
0.00
0.00
5.57
0.00
0.00
0.00
0.00
40.00
8.33
0.00
7.39+
4.09

Jumjunidang et al. 1998

Plant resistance to nematode is attained by manipulation of host physiology, with great
knowledge of host-parasite relationship. Plant resistance is probably the best form of
nematode control, especially for resource-poor farmers who cannot afford the high cost
of nematicides. Studies have shown that AAA genome was more tolerant to nematode
compared to AA, AAB and ABB genomes (Table 6).
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Table 6. Root damage intensity, dead root and population of nematode per 25 g root based on
genome groups in West Sumatra.
Genome

AA
AAA
AAB

Local name of banana variety

40 Hari, Manis, Lidi, Mas, Rotan
Barangan, Buai, Udang, Masak
Hijau, Randah
Gadang, Jantan, Raja, Rajasere

ABB
Awak, Kepok
Jumjunidang et al. 1998

Nematode
population per
25 g root

Root damage
intensity

Dead root

13.00 b
25.57 a

1.96 a
1.19 a

119.00 b
240.41 a

22.02 a

1.70 a

142.00 ab

26.13 a

1.97 a

158.00 ab

Research needed for banana nematodes
-

Biology and control of key nematode diseases of bananas.
Proof of pathogenicity and crop loss assessment.
Recognition of the interrelationship phenomenon between nematode and other
pathogens in diseases complexes.
Investigation of the feasibility of fungi, bacteria and parasitic nematodes as control
agents of the nematodes.
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Banana production and development for export in Malaysia
Siti Hawa Jamaluddin1
Abstract
Malaysia is a small banana producer which produces about 500 000 mt, worth US$5
million in export earnings. Banana cultivation however, covers more than 10% of the
total fruit hectarage, next only to durian, at about 26 000 ha. Cultivation system covers a
whole spectrum from smallholdings (monoculture or mixed clones) producing bananas
for domestic consumption to large plantations for export. The level of cultivation
knowledge and input also varied from farm size and farmers’ attitude (progressive vs
non-progressive), which subsequently affect fruit yield and quality. Other constraints to
the banana industry include threats from banana diseases, especially fusarium wilt. To
minimize disease spread and damage; mixed clone planting, intercropping with oil palm
or rubber to achieve 3-4 harvests (30-36 months) or shifting cultivation were practiced by
farmers with some degree of success.
Banana cultivars grown for export are the Cavendish types: Pisang Berangan and Pisang
Mas. The importing countries are Singapore, Brunei, Middle East, Hongkong and Japan.
Cultivars for local consumption are more diverse. They include Pisang Rastali, Pisang
Lemak Manis and Pisang Embun for dessert. And the cooking cultivars are Pisang Raja,
Pisang Abu, Pisang Tandok, Pisang Awak and Pisang Nangka.
Technology for export, which includes postharvest handling, packaging, storage and
transport were already well-developed for the popular dessert cultivars. Additional
efforts however, are being put into product development for the hardy cooking bananas
so as to explore their export potential. While in-roads have been achieved for the foodrelated products, research in non-food products such as in pharmaceuticals, starches,
paper, crafts, etc. are still at their infancy.

1

Assistant Director, Horticulture Research Centre, MARDI, Malaysia.
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Current banana production, research and development in
Vietnam
Ho Huu Nhi1
Introduction
Owing to economic reform, the Vietnamese agriculture has undergone great changes in
recent years and gained some remarkable achievements.
- Annually, the total of export rice of 3-3.5 million tonnes meets domestic demand for
food.
- Farmers concentrate on development of high economic value crops.
- Farmers can hire land in the long term of 20-30 years and they can invest in
production development.
- The government gives a free of charge policy in doing business of agricultural
products.
In general, the achievements and reform policies have created impact on the
development of fruit crops including banana. Until now, banana is the most important
fruit in Vietnam. It ranks first in terms of volume (91.3 million tonnes per year or 34% of
total fruit production) and area (96 000 ha or 22% of the fruit cultivated area) of
production.
From 1996 to present, the area of fruit crops increased in general but at low rate. The
total area of litchi, longan and rambutan increased quickly, while the total cultivated
area for banana increased inobtrusive (Table 1).
Table 1. Annual production of banana and other fruit crops in Vietnam.
Fruit crop
Banana (ha)
Citrus (ha)
Longan, rambutan, litchi (ha)
Total area of fruit crop (1000 ha)

Year
1996
95 902
73 768
73 661
384.8

1997
92 427
76 562
90 633
426.1

1998
96 132
67 465
92 975
438.4

Vietnam can be divided into eight regions according to their agro-ecological features. As
banana can widely adapt to different climatic conditions, they have long been grown in
all these regions. In 1998, the Mekong River Delta region ranked first in terms of total
growing area and total production, followed by the Red River Delta (Table 2).
1

Vietnam Agricultural Science Institute.
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Table 2. Banana production in different regions, 1998.
No.

Region

1
2
3
4
5
6
7
8

Total growing area
(ha)

Red River Delta
North East
North West
North Central Coast
South Central Coast
Central Highlands
Northern South
Mekong River Delta
Total
Central Statistic Office, Hanoi, Vietnam 1999.

14 505
9 292
2 540
13 567
9 052
2 592
9 700
34 884
96 132

Average yield
(tonnes/ha)

Total production
(tonne)

20.80
18.10
20.40
15.00
19.60
17.20
34.50
16.70
20.30

264 964
144 891
31 142
62 844
118 213
21 360
269 364
402 253
1 315 189

Table 2 shows the country’s total banana growing area, total production and average
yield of eight regions in 1998. Banana growing area and production was the highest in
Mekong River Delta. But the average yield was the highest in the Northern South in
1998. The yield was the lowest in the North Central Coast. The average yield varied
from 15 to 34.5 tonnes/ha.
Banana production aspects
Banana is popularly grown in gardens and small fields. It is considered as an important
economic component of households. Its growing areas, however, are very scattered. In
the mountainous regions, banana is intercropped with other perennial fruit trees.
Banana is grown in the concentrated areas on alluvial land along side of rivers such as:
Phu Tho, Thai Binh, Hung Yen, Ha Noi with plots of 15-20 ha.
1. Plant management
Most banana growers in Vietnam are smallholders. Therefore, plant management
operations are implemented by hand and depend mainly on local and traditional
practices including use of fertilisers, pest control and irrigation. In many places, people
use only organic fertiliser (manure of chicken, pig and cow). Meanwhile, a large amount
of inorganic fertiliser (NPK) is being used by others. Rainfed banana growing areas
represent most of the total production area in Vietnam including concentrated banana
cultivated areas.
2. Density
Planting density is one of the important factors affecting banana yield. Nevertheless, in
Vietnam, banana growers plant banana with densities which they think is the best
according to their experience. For example, in Tay Nguyen, Chuoi Bom is grown with a
density of 3500 plants/ha and 2000-2500 plants/ha for Chuoi Tieu and Chuoi Tay in the
north.
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3. Varieties
Chuoi Ngu (AA). This is one of the most preferred varieties because of its special
characteristics. Ripe fruits are attractive, bright yellow and hard with pink, sweet and
aromatic flesh. Normally, it gives a yield of 8-10 kg/bunch. Fruit size is 7-10 cm with a
diameter of 2.5-3 cm. This variety is mostly grown in north Vietnam (Hai Duong, Hung
Yen, Nam Dinh).
Chuoi Tien (AA). Fruits are very attractive in form, colour and flesh quality. In the old
time, these were precious donations to the King, so it is called Tien (donating). Yield,
fruit size and growth duration are similar to those of Chuoi Ngu. The pseudostem is 1.52 m height with green colour. Chuoi Tieu is grown popular in Nam Dinh, Ha Nam, Thai
Binh. It is considered the local special fruit. The provinces define this variety able to
meet the demand of the export market.
Chuoi Tieu (AAA). Its synonym is Gia Huong. This Cavendish group consist of the most
popular banana cultivar in Vietnam. They can be divided into three types: tall
Cavendish (2.8-4 m), normal Cavendish (2-2.8 m) and dwarf cultivars (1.5-2 m). These
are grown along side rivers and high humid areas and used for export. In north
Vietnam, during the winter, the ripe fruits have much better quality compared with
those grown in the south.
Chuoi Bom (AAB). This variety has a high tolerance to drought and is popularly grown
in the south Vietnam, central highland area. It has a short cycle and high multiplication
rate. Its normal yield is 6-10 kg/bunch with 6-8 hands/bunch. Fruits are 10-15 cm long.
Pseudostem is 1.5-2 m height. Ripe fruits have bright yellow, thin skin, yellow pink flesh
which is not very sweet, aromatic and suitable for dried banana processing.
Chuoi Tay (ABB). Its synonym is Xiem. This is one of the most popular cultivar widely
grown in the whole country. Its pseudostem is 3-4 m high. Normally, its bunch weighs
up to 18-20 kg with 8-12 hands/bunch. The ripe fruits leave dark yellow skin, yellow
and sweet flesh and are sometimes seedy.
There are some other cultivars, such as Chuoi La, Chuoi Mat, Chuoi Mit, Chuoi Man,
Chuoi Hot scattered over different areas. They are used for various purposes such as for
feeds (stem), cake wrapping (leaves) and medicine (fruit).
4. Consumption and processing
Bananas in Vietnam are consumed in the local market year round. Only a small amount
of the Cavendish banana is unofficially exported to China through the border. It is
estimated that this volume of exported banana fruit every year is 40 000 - 50 000 tonnes.
At present, exportation is mainly done by private companies.
Banana in Vietnam is usually used as fresh fruit. Vietnam’s banana processing is not
much developed. Dried banana is popular.
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Banana research activities
The conference on research and development of Vietnam’s banana held at Vietnam
Agricultural Science Institute on June 2000 was considered a good chance for banana
breeders to get to know and evaluate the activities of research and development on
banana done in research institutes throughout the country. Ten representatives from
research agencies and companies participated in this conference. Sixteen reports on
banana research were presented during the meeting on the following issues:
•

Conservation and evaluation of banana collection

•

Research on banana varietal improvement

•

Biotechnology in banana production

•

Pests and diseases study on banana production.

1. Banana germplasm
Vietnam is considered as one of the centres of origin of banana. Collection missions
wwere conducted followed by characterization and evaluation which led to the
establishment of the Vietnam banana germplasm collection. The banana collection of
Vietnam includes 72 local samples of which 63 are cultivated and 9 wild accessions.
Among the 63 cultivated banana samples, there are banana belonging to 8 different
genotypes: AA (8), AAA (19), AAB (10), AB (8), ABB (11), ABBB (1), BBB (4) and BB (2).
In the symposium of banana cultivar names and synonyms in Southeast Asia, Vietnam
has 25 samples which did not coincide with samples collected from the Asian region as
well as from the world. Vietnam’s collection is conserved and maintained in the field at
the Phu Ho Fruit Research Centre and in vitro at Vietnam Agricultural Science Institute.
Over the past years, many banana accessions in the collection were propagated for
distribution to different research activities in cytology, pathology and varietal
improvement.
2. Banana biotechnology (tissue culture)
In recent years, the application of in vitro culture in banana multiplication made a great
progress:
•

Protocol on banana tissue culture propagation was established. It consists of
following steps: meristem culture, shoot regeneration, in vitro propagation, rooting,
hardening plantlets and plantlet establishment in nursery.

•

Technology on banana micropropagation was transferred to many tissue culture
laboratories in many institutions in different provinces of all over the country.

•

The farmers are now familiar with cultivation techniques of tissue culture plantlets.

The production and distribution of tissue culture plantlets increased. It is estimated that
40 000 - 50 000 plantlets for two varieties, Chuoi Tieu and Chuoi Tay are produced every
year.
In order to identify genetic diversity of banana germplasm, the RAPD technique was
used for the first time. It was used in the genomic analysis of four genotypes: AA, AAA,
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ABB and BB to detecting 12 different molecular markers in six analysed varieties of
banana collection in Vietnam.
3. Banana varietal improvement
In the past, attention was paid to banana varietal improvement. The mutation was
carried out using radioactive rays and chemicals, which achieved visible success.
60
Treatment of the M Co rays on Chuoi Tay (ABB) with 20-30 Gy dose in vitro induced
new variation. These variations appeared in changes of morphology, height of plant,
stem diameter, colour and leaf size. These variations also showed different ability
against Foc when inoculated with Foc spores under in vitro as well as in the field
conditions. The result exhibited that 17 accessions were infested at a level less than 25%,
12 others were at moderate level (25-50%). These clones are multiplied and selected
several times in nursery and field.

susceptible banana plant

genotype ABB

in vitro tissue culture
treated by Μ Co

60

maintenance in the nursery
inoculation of
Foc spore
screening clones resistant to
diseases
evaluate and
selection on field
resistant cultivars
The Colchicine experiment was conducted on diploid AA and AB in vitro showing good
results. An amount of 0.5-0.7% Colchicine was treated in vitro on these diploid and
obtained tetraploid hybrids at a rate of 9-13%. These variations have some changes on
size of stem, leaf and the number of stomata. The tetraploid clones are useful for
breeding programmes.
Selection for agronomic characters
Vietnamese has so far been used to planting Chuoi Tieu varieties. The varieties are
short-stemed, resistant to wind and storm, high-yielding, good quality and suitable for
northern provinces. Since 1995, through many cycles of selection, domestication, and
propagation, Phu Ho Fruit Research Centre has registered and released two Chuoi Tieu
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cultivars from the preservation collection namely VN1–064 and VN1–065. Those have
good agronomic characters: the rate of fruit which meets demand export market is high,
the fruit is longer than 15 cm and 3 cm diameter, the flesh is bright yellow, sweet and
aromatic. Its yield is higher than that of reference genotype of 10-25% in production.
These varieties are now propagated and planted in the northeast, northwest and Red
River Delta.
Table 3. Selected varieties and their agronomic characters.
Pseudostem
height (cm)

Pseudostem
girth (cm)

Bunch weight
(kg)

Yield per ha
(tonne)

Yield
(%)

VN1-064

229.4

59.49

22.15

37.65

125

VN1-065

216.9

55.80

20.0

33.86

110

VN1 -041

215.7

55.38

17.6

30.56

100

Cultivars

4. Pest and disease study
In 1996-1999, surveys on major pests and diseases on banana were conducted by Long
Dinh Fruit Research Institute in the south Vietnam and the Plant Protection Institute in
the north. It was observed that banana was attacked by many pathogens such as viruses,
fungi, bacteria, nematodes and other agents. Table 4 shows the various pests and
diseases commonly found in Vietnam.
Table 4. The most common banana pest and diseases found in Vietnam.
No.

Scientific name

Infection site

Occurrence/
frequency

Note

1

Fusarium oxysporum f.sp. cubense

whole plant

+++

ABB

2

Mycosphaerella musicola (yellow sigatoka)

leaf

+++

AAA

3

Mycosphaerella fijiensis (black sigatoka)

leaf

++

AAA

4

Cordana musae

leaf

+++

ABB

5

Cladosporium musae

leaf

++

both

6

Periconiella musae

leaf

+

both

7

Caprodium spp.

leaf and fruit

+++

both

8

Erwinia spp.

corm

+

AAA

9

Pseudomonas spp

corm, pseudostem

+

both

10

Marcrophona musae

leaf

++

both

11

Leptophaerella musarium

12

Banana bunchy top virus (BBTV)

leaf

+++

both, north

whole plant

++

13

Cucumber mosaic virus (CMV)

AAA

leaf

+

both

14

Banana streak virus (BSV)

leaf

+

15

Banana scab moth (Basilepta)

skin of young fruit

++

16

Banana weevil borer
(Cosmopolites sordidus)

corm, pseudostem

++

both (AAA, ABB),
highland, old

17

Nematodes

root and corm

+

both, highland

both
AAA

130

Advancing banana and plantain R & D in Asia and the Pacific, Vol. 10

Among the 17 popular and important pests and diseases known to damage banana in
Vietnam, we have just studied some of them in detail and systematic way like fusarium
wilt and nematode. The following activities have been done on:
Fusarium wilt. This disease is popularly known to damage banana in the cultivated
areas in the whole country. It attacks on banana plant at 4-6 months of age and
especially, at the flowering stage. The symptoms of this disease are: leaves become
bright yellow, especially on the young leaves. Pseudostem and corm cut horizontally
will show brown to purple discolouration of the vascular tissue. At the later stage,
infected plant gives small bunch; fingers reduce size or do not develop completely.
Previous studies revealed that fusarium wilt on banana in Vietnam is caused by Foc and
race 1 (Table 5). Fusarium wilt appears more often on banana in the south than in the
north Vietnam and mostly on ABB group.
Table 5. Result of VCG test of isolation from south and north Viet Nam.
Sample

Cultivars

Genotype

Location

VCG

1

Chuoi Tay

ABB

Chau Thanh – Tien Giang province

123

2

Chuoi Tay

ABB

Long Ho – Vinh Long province

123

3

Chuoi Tay

ABB

Soc Trang – Soc Trang province

124

4

Chuoi Tay

ABB

Chau Thanh – Can Tho province

123

5

Chuoi Tay

ABB

Can Tho City – Can Tho province

123

6

Chuoi Tay

ABB

Van Yen – Yen Bai province

124

7

Chuoi Ngop

ABB

Van Yen – Yen Bai province

124

In the in vitro experiment, the result showed that Chuoi Tay was infested seriously,
while the others expressed high resistance to fusarium wilt (Table 6).
Table 6. In vitro selection for resistance to Foc.
Accession name
Chuoi Tay
Chuoi Man
Chuoi Tia
Chuoi Tieu Cao
Chuoi Tieu Lun
Chuoi Tieu Vua
CV%
± SE

Group

Affected
plants (%)

Root
weight (g)

Stem
weight (g)

Level
resistance

ABB
ABB
ABB
AAA
AAA
AAA

100
100
95
0
0
0

28.5
27.6
26.4
24.3
23.5
23.4
16
±12

40.4
41.2
38.7
37.5
39.5
39.5
14
8.6

S
S
S
R
R
R

±23
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Nematodes. Within the framework of the cooperation project of VVOB, INIBAP, ACIAR
and VASI with the title: ‘Identification of nematode resistance and tolerance in Vietnam
Musa germplasm for improvement of banana production’ the following activities were
done:
•
•
•

Establishment and maintenance of in vitro populations of Pratylenchus coffeae.
Screening of Vietnamese Musa germplasm for resistance/tolerance to nematodes
Assessment of yield loss caused by banana nematodes in Vietnam.

A survey to assess the occurrence and damage potential of nematodes on bananas in
Vietnam was carried out. The most important nematodes found are Meloidogyne spp.,
Pratylenchus coffeae and Helicotylenchus multicinctus. Radopholus similis has not been found
yet. Pratylenchus coffeae and H. multicinctus did not affect any of the measured general or
bunch characteristics. Meloidogyne spp. on the other hand could cause a decrease in the
height and the girth of the plants, the number of standing leaves and the number of
hands and fingers per bunch. The root-knot galling (RKG) and the number of egg-laying
females (ELF) were strongly correlated with the number of Meloidogyne spp., while the
root necrosis index (RNI) was strongly correlated with the number of P. coffeae. The
nematode counts (after extraction) showed to be much more useful parameters to assess
the yield loss than the RNI, RKG and ELF.
All the identified nematode species were used for different purposes of screening for
resistant and tolerant banana cultivars in the field collection as well as in the
greenhouse, evaluation of effects on multiplication and maintenance in vitro.
Some experiments undertaken during 1998-1999 showed the following results:
•

Meloidogyne spp.

Infection with Meloidogyne spp. can result in an increase in the weight of the root system
and a decrease in the number of standing leaves, but further research is needed.
However, there was no effect on the plant height, the shoot weight or the girth of the
plants.
There is some indication that Ngu Thoc might show some resistance to Meloidogyne spp.,
while Tieu Vua Trang, Com Chua and Ben Tre are very susceptible to Meloidogyne spp.
Yangambi Km 5, Man, Ngu Thoc and Tay possibly show some tolerance to the gallforming activity of Meloidogyne spp, while Voi and Ben Tre are highly sensitive to the
gall-forming activity of Meloidogyne spp.
•

Pratylenchus coffeae

Infection with P. coffeae can result in a decrease in the height of the plants and the shoot
weight, but further research is needed. There was never an effect of infection with P.
coffeae on the weight of the root system, the number of standing leaves or the girth of the
plants.
Ngop Lun, Voi and Ngop Cao are very susceptible to P. coffeae. There is some indication
that Yangambi Km 5 and Tieu Xanh might show some resistance to P. coffeae.
Ngop Cao and Yangambi Km 5 were the only possible sources of tolerance found in the
experiments.
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Further research and screening experiments are certainly needed. Since the number of
nematodes found in the root system were generally very low, even on the highly
susceptible reference genotype Grande Naine. Research on pathogenicity (reproductive
and damage potential) of the P. coffeae population used in the experiments might reveal
some interesting information.
Future banana research
1. Banana germplasm
•

To enrich the Musa germplasm collection of Vietnam with the addition of newly
discovered cultivars through trips to areas that have never been explored such as
Tay Nguyen, northeast

•

To continue using the molecular technique RAPD, PCR which were used to identify
cultivars in the collection in order to utilise these cultivars better for production

2. Banana varietal improvement
•

To organise the selection and testing of banana cultivars through the banana
network of Vietnam

•

To provide the agro-ecological regions with improved, suitable and valuable
varieties, initially in Mekong River Delta and Red River Delta

•

To strengthen research activities, apply achievements of cytology, variation, genetic
transformation to produce disease-free planting materials and high quality varieties

•

To construct intensive farming model of banana production with high quality and
quantity, apply the suitable cultivation method on density, fertiliser, irrigation and
pest management

•

To meet the ever increasing demand of banana growers

3. Pests and diseases
•

•

To survey, research and identify the major pathogens that harm bananas:
- banana scab moths on Chuoi Tieu in the north provinces
- black sigatoka on Chuoi Tay (Xiem) in the Mekong River Delta
- fusarium wilt in both northern and southern Vietnam
- banana bunchy top virus in both northern southern Vietnam
To construct and apply intergrated pest management in the concentrated banana
production regions.

In order to carry out these goals effectively, we will promote the collaboration with
INIBAP-ASPNET to establish a national repository multiplication and dissemination
centre for providing hybrid clones for testing to the banana network in Vietnam and
setting up a project: “Research on development of banana production in the north and
south Vietnam”. The goal of this project consists of the following:
•

To select good and suitable varieties for Cuu Long and Red River Delta from
available local and introduced banana germplasm
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•

To develop a package of technologies for breeding, production and propagation of
banana planting material

•

To demonstrate banana production using tissue culture planting materials with new
cultivation technology and proper management
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Appendix 1.
th

10 Meeting
INIBAP-ASPNET Regional Advisory Committee
Bangkok, Thailand
November 10-11, 2000

Agenda
Thursday, November 9
8:00 am – 5:00 pm
Field Trip
Friday, November 10
7:30 – 8:00 am

Registration

8:00 – 9:30 am

Session 1: Opening Ceremonies
Master of Ceremonies
Prof Det Wattanachaiyingcharoen
Naresuan University and
Representative of Thailand to ASPNET RAC

9:30 – 9:45

Welcome Remarks

Dr Ananta Dalodom
Director General, Dept. of
Agriculture

Welcome Address

Prof Sujin Jinahyon
President, Naresuan University

Opening Remarks

Dr Chen Houbin
Chair, INIBAP-ASPNET RAC

Message

Dr Emile A Frison
Director, INIBAP

Presentation of the Pisang Raja
Awards
Coffee/Tea Break
Session 2: Technical Presentations

9:45 – 10:10

Advances of Biotechnology R&D in
Musa

Dr Rony Swennen
KUL, Leuven, Belgium

10:10 – 10:30

Status of the Application of
Biotechnology in Banana Virology

Dr James Dale
QUT, Brisbane, Australia

10:30 – 10:500

Current Issues and Future Directions
for Musa Genetic Improvement
Research at the International
Institute of Tropical Agriculture

Dr Abdou Tenkouano
IITA, Uganda

10:50 – 11:10

Recent Developments in Musa
Nematology Research: Establishment
of Aseptic Culture Systems of
Radopholus similis for In Vitro HostPathogen Studies

Dr Dirk De Waele
KUL, Leuven, Belgium
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11:10 – 11:30

Recent Advances of Banana Leaf
Spot Diseases Research

Dr Jean Carlier
CIRAD, France

11:30-11:50

Biology and Integrated Pest
Management of Banana Weevil,
Cosmopolites sordidus (Germar)

Dr Clifford S Gold
IITA, Uganda

11:50–12:30nn

Open forum

12:30– 1:30pm

Lunch

1:30 – 2:00pm

Session 3: Administrative Matters
Introduction of New Members and
Guests
Approval of Agenda
th
Approval of the Minutes of the 9
RAC Meeting
Matters Arising from the Minutes
Other Matters
Election of New Chairman

2:00 – 2:30

INIBAP-ASPNET 2000 Highlights of
Accomplishments

2:30 – 2:45

Coffee/Tea Break

Dr Agustin B. Molina
RC, INIBAP-ASPNET

Session 4: Project Updates
2:45 – 3:05

Banana Research and Development
Activities in the Philippines: An
Update

Dr Rene Rafael C. Espino Professor,
UP Los Baños Philippines

3:05 – 3:25

Study of the Association between
Nematodes and Bananas in Vietnam

Dr Inge Van Den Bergh
VASI, Vietnam

3:25 – 3:45

Banana Research and Development
Programme and Highlights of NRCBINIBAP Collaborative Projects in
India

Dr S. Sathiamoorthy
Director, NRCB, India

3:45 – 4:05

Banana R&D in the Pacific Islands:
Status Report

Mr Tom Osborn
Agriculture Adviser, SPC, Fiji

4:05 – 4:25

Germplasm Evaluation and Virus
Management Programme of Banana
(Musa) in Sri Lanka

Dr Sujatha Weerasinghe
Research Officer, Agriculture
Research Station, Sri Lanka

4:25 – 4:50

Update on Banana Research and
Development in Taiwan

Dr Shin Chuan Hwang
Director, TBRI

4:50 – 5:30

Open Forum

Saturday, November 11
8:30 am – 12:00 nn

Programme Planning

12:00 nn – 1:30 pm

Lunch

1:30 - 5:00

Continuation of Planning Session

7:00 pm

Closing Dinner hosted by INIBAP
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Appendix 2.

Summary of discussions and recommendations
Dr Ananta Dalodom, Director General of the Department of Agriculture, and Prof Sujin
Jinahyon, President of Naresuan University delivered welcome addresses to the
participants of the meeting. Outgoing RAC Chairman, Prof Chen Houbin, and INIBAP
Director, Dr Emile Frison, also delivered opening messages. Dr Agustin Molina,
ASPNET Regional Coordinator, presented the accomplishments for the 10th Year (2000)
operation of INIBAP-ASPNET.
Following the tradition of the RAC meeting, the 2000 Pisang Raja Awards were
presented to banana scientists who have outstanding contribution to banana R&D in the
region. The Pisang Raja awardees were Prof Benchamas Silayoi of Kasetsart University,
Thailand and Prof Rony Swennen of Katholieke Universiteit Leuven and INIBAP Transit
Centre, Belgium.
Prof Rony Swennen was recognized in recognition for his outstanding accomplishments
in banana breeding and biotechnology that led to the pioneering milestones in banana
transgenic technology. He plays an important role in the development and maintenance
of the INIBAP Transit Centre and his longstanding collaboration with INIBAP-ASPNET.
Prof Benchamas Silayoi of Kasetsart University was recognized for being instrumental in
enriching the wealth of information in banana R&D in Thailand and in the region
wherein she authored and co-authored over 20 technical articles and books in the area of
banana taxonomy, genetics and breeding. The latest book she co-authored together with
other leading curators in the region is ‘Banana Cultivar Names and Synonyms in
Southeast Asia’. She has cooperated and actively participated in various INIBAP
programmes/activities.
This year’s RAC meeting was highlighted by technical paper presentations on recent
advances in banana R&D on areas of nematology, leaf spot, banana weevil and
biotechnology which were presented by recognized banana scientists who attended a
PROMUSA Global meeting concurrently held in Bangkok.
Following the technical presentations were discussions and planning by RAC
representatives on important R&D issues and concerns in the region which included the
following:
1. Participation in the International Musa Testing Programme (IMTP) III
On IMTP III, two levels of evaluation were discussed (1) simple performance evaluation
trial and (2) in-depth evaluation. Majority of the members expressed interest in
participating both the in-depth and performance evaluation trials, however, they will
have to refer this back to their own countries for funding support.
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A preliminary survey among the RAC members was done on the participation of the
various countries in the IMTP:
a. Australia – focus on fusarium wilt but also may include sigatoka leaf spots and
nematodes; nematode to be tested in north and south Queensland (in-depth trial)
b. Thailand – nematode and fusarium wilt where DOA, Kasetsart University and
Naresuan University can participate (performance evaluation trial)
c. China – SCAU may participate in fusarium wilt trial on two sites in Guangdong
province (Zhongshan and Panyu) where fusarium wilt is serious; perhaps also one
site for nematode (performance evaluation trial)
d.

TBRI – will not participate since there is no nematode nor sigatoka leaf spot
problem in the country; fusarium wilt is under control

e. SPC – still have to check with the various islands individually. If ever it would be
performance evaluation trial
f.

Vietnam – sigatoka leaf spot in south Vietnam and fusarium wilt and nematode in
north Vietnam (performance evaluation trial).

g. Philippines – performance evaluation trial for the national programme; in depthevaluation on sigatoka leaf spots, fusarium wilt and nematodes for DA-BPI and
private plantations.
h. Bangladesh – may conduct for sigatoka leaf spots and one site for fusarium wilt
(performance evaluation trial).
i.

Malaysia – MARDI to participate in in-depth evaluation; private companies may also
participate in performance evaluation trial in the north and MARDI stations in the
south

j.

Indonesia – one performance evaluation trial and maybe 2-3 additional sites

k. India – in-depth evaluation on leaf spot in different universities and two for
fusarium wilt and nematodes
l. Sri Lanka – leaf spot (performance evaluation trial)
A letter of agreement will be signed between INIBAP and each participating institution
detailing the responsibilities of both parties in carrying out the trials. It was also
mentioned that the private sector may participate and they will also sign an agreement
with INIBAP.
The establishment of a PROMUSA IMTP listserver and the conduct of a workshop to
standardize format and data gathering were proposed. Furthermore, the possibility of
elevating the IMTP working group to PROMUSA was also suggested.
2. Establishment of a National Repository, Multiplication and Dissemination Centres
(NRMDC)
The proposal on the establishment of a National Repository, Multiplication and
Dissemination Centres (NRMDC) that would help enhance distribution and adoption of
the new hybrids and clones in the region was presented. With this proposed set-up, the
participating national government would assign an institution responsible for the
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acquisition of these materials from ITC, multiplication and distribution within the
country. All members identified the institutions that should be involved in this
programme. Many countries also indicated that national centres already existed for
multiplying and distributing germplasm. The representatives from Bangladesh and
China indicated that no designated national centre currently exists in their countries.
It was generally agreed that once a country has been supplied with all the IMTP
accession, any subsequent requests from that country should be referred to the NRMDC.
The possibility of funding support for countries that may need assistance for this activity
was also discussed.
3. Verification and authentication of identity of ITC accessions
With regard to the verification of the identity of ITC accessions, it was agreed that the
accessions in ITC be sent back to their country of origin. Representatives from all
countries agreed to accept the accessions to carry out the necessary comparative
characterization studies. A list of accessions for each country will be provided by
INIBAP.
4. Musa breeding, germplasm conservation/exploration/characterization training
On Musa breeding, existing activities in Asia were reviewed and it was noted that each
country has its own aims and objectives with regard to Musa improvement. Most
countries are involved in introduction and evaluation of germplasm, while conventional
breeding is being conducted in India. Mutation breeding and somaclonal selection are
ongoing in Malaysia, Indonesia, Philippines, Thailand and Australia. In all cases, the
focus is on locally important varieties, which differ from country to country. It was
agreed that there is a need to have access to early breeding lines and it was suggested
that breeders could supply segregating populations to Asian NARS for evaluation. It
was recommended that a workshop be organized to bring together breeders and Asian
NARS scientists. There is also a need for training on traditional hybridization
techniques and the issue of IPRs must be addressed.
5. Review of the goals and programme of the network including roles of the RAC as
well as INIBAP
One important issue raised during the RAC meeting was the need to review the goals
and programmes of the network, including its structure such as the roles of the RAC as
well as INIBAP towards a responsive and effective network. A committee was organized
to draft and circulate to other members the terms of reference and expectations of the
RAC representatives for submission to the Regional Coordinator and Director of
INIBAP for further review and evaluation.
It was agreed that the next annual meeting be held in Sri Lanka.
Please see Appendix 6 for a list of participants of the 10th ASPNET RAC meeting.
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Appendix 3.
th

10 Regional Advisory Committee
Directory
Name
Bob Williams
Programme Leader –
Tropical Fruits
Chen Houbin
Director, Tropical and
Subtropical Fruit Research
Laboratory
S. Sathiamoorthy
Director
Ahmad Dimyati
Director
Siti Hawa Jamaluddin
Senior Research Officer
Rene Rafael Espino
Professor
Det
Wattanachaiyingcharoen
Assistant Dean

Ho Huu Nhi
Head, Agro-biotech
Department
Shin Chuan Hwang
Director

Address
Department of Primary Industries
Centre for Wet Tropics Agriculture
PO Box 20, South Johnstone Rd.,
South Johnstone Qld 4859 Australia
South China Agricultural
University
Guangzhou 51064 China

Tel/Fax/Email
Tel: 61-7-40641130
Fax: 61-7-40642249
Email:Williab@dpi.qld.gov.au

National Research Centre on
Banana, 44 Ramalinga, Vayalur
Rd., Trichy – 620017, Tamil Nadu,
India
Research Centre for Horticulture
and Miscellaneous Crops, Jl
Ragunan 19, Pasarmingu, Jakarta,
Indonesia
Horticulture Research Centre
MARDI, PO Box 12301
50774 Kuala Lumpur, Malaysia
Department of Horticulture
College of Agriculture
UP Los Baños, College, Laguna
Faculty of Agriculture, Natural
Resources and Environment
Naresuan University, Tapho,
Muang, Phitsanulok, Thailand
65000
Vietnam Agricultural Science
Institute, Thanh tri, Hanoi

Tel: 91-431-770797,
771299, 771779
Fax: 91-431-770564
Email: nrcb@trichy.tn.nic.in
Tel: 62-21-7805768
Fax: 62-21-7805135
Email: dimyatia@indo.net.id

Tom Osborn
Agriculture Adviser

Taiwan Banana Research Institute,
PO Box 18, Chiuju, Pingtung,
Taiwan 90403
Secretariat of the Pacific
Community, PMB, Suva, Fiji

Sujatha Weerasinghe
Research Officer

Agriculture Research Station
Angunakolapalessa, Sri Lanka

Md. Abdul Hoque
Research Officer

Horticulture Research Centre
Bangladesh Agricultural Research
Institute, Joydebpur, Gazipur,
Bangladesh
INIBAP-ASPNET
c/o PCARRD, Los Baños, Laguna
Philippines 4030

Agustin B. Molina
Regional Coordinator

Tel: 86-20-85511299 x 3417
Fax: 86-20-85282693
Email: hbchen@scau.edu.cn

Tel: 603-89437288
Fax: 603-89487590
Email: sitihawa@mardi.my
Tel: 63 49 536-5790
Fax: 63 49 536-2478
Email: butchoy@laguna.net
Tel: 66-55-261038 to 41
66-1-9535764 (mobile)
Fax: 66-55-261040, 261005
Email: detw@nu.ac.th
Tel: 84-4-8617167
Fax: 84-4-8613937
Email: Nhibiovasi@fpt.vn
Tel: 886-8-7392111/3
Fax: 886-8-7393647
Email: tbri@ksts.seed.net.tw
Tel: 679-370733
Fax: 679-370021
Email: TomO@spc.int
Tel: 94-47-28336
Fax: 94-47-28204, 30165
Email: ddrap@sltnet.lk
Tel: 880-2-9332340
Fax: 880-2-9353395
Email: baridg@bttb.net.bd
Tel: 63-49-5360532
Fax: 63-49-5360578
Email: aspnet@laguna.net
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Appendix 4.

THE INTERNATIONAL NETWORK FOR THE IMPROVEMENT
OF BANANA AND PLANTAIN
ASIA AND THE PACIFIC NETWORK
Presents this

Pisang Raja Award
to

Rony Swennen
In recognition of his outstanding accomplishments in his 21 years in banana research in
the area of breeding and biotechnology which led to pioneering milestones in banana
transgenic technology, a revolutionary approach to banana and plantain crop
improvement.
In acknowledgement of his important role in the development and maintenance of the
INIBAP Musa Germplasm Transit Centre based at the Laboratory of Tropical Crop
Improvement, Catholic University of Leuven, Belgium and in recognition of the crucial
role played by the INIBAP Transit Centre in the dissemination of banana and plantain
hybrids for evaluation and adoption in the region.
In sincere appreciation of his longstanding collaboration with INIBAP-ASPNET,
including his expert advice in the establishment of the duplicate in vitro collection at the
Taiwan Banana Research Institute; his generosity in sharing both his expertise and
laboratory facilities for training scientists from ASPNET countries in the area of tissue
culture, cryopreservation and biotechnology.
Given this 10th day of November 2000 in Bangkok, Thailand.

CHEN HOUBIN
Chairman, ASPNET RAC

AGUSTIN B. MOLINA
Regional Coordinator, INIBAP-ASPNET

EMILE A. FRISON
Director, INIBAP
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THE INTERNATIONAL NETWORK FOR THE IMPROVEMENT OF
BANANA AND PLANTAIN
ASIA AND THE PACIFIC NETWORK
Presents this

Pisang Raja Award
to

Benchamas Silayoi
In recognition of her immense contribution to banana R&D wherein she authored and coauthored over 20 technical articles and books in the area of banana taxonomy, genetics and
breeding which contributed to the wealth of Musa information in Thailand and in the region.
In appreciation of her cooperation and active participation in INIBAP programmes/activities
such as the International Workshop of Banana and Plantain Breeding Strategies in Cairns,
Australia in 1986, the IPGRI/INIBAP Workshop on Identification of Genetic Diversity in the
Genus Musa in Los Baños, Philippines in 1987, the Musa Conservation and Documentation
Workshop in Leuven, Belgium in 1989 and more recently, the Workshop on Banana Cultivar
Names and Synonyms in Southeast Asia held on 1-4 September 1999 in Davao City, Philippines
which resulted in the publication of the book “Banana Cultivar Names and Synonyms in
Southeast Asia” and a unified banana nomenclature in the region.
In recognition of her devotion to sharing her knowledge of Musa with her students as a Professor
of the Department of Horticulture at Kasetsart University.
Given this 10th day of November 2000 in Bangkok, Thailand.

CHEN HOUBIN
Chairman, ASPNET RAC

AGUSTIN B. MOLINA
Regional Coordinator, INIBAP-ASPNET

EMILE A. FRISON
Director, INIBAP
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Appendix 5.
List of acronyms and abbreviations

AAU

Assam Agricultural University, Kahikuchi, India

ACIAR

Australian Centre for International Agricultural Research

AFMA

Agriculture and Fishery Modernization Act

AG

Agbagba

AICRP

All India Coordinated Research Projects on Tropical Fruits

APAARI

Asia-Pacific Association of Agricultural Research Institutions, India

ASEAN

Association of Southeast Asian Nations

BARI

Bangladesh Agricultural Research Institute

BAS

Bureau of Agricultural Statistics, Department of Agriculture, Philippines

BBrMV

banana bract mosaic virus

BBTV

banana bunchy top virus

BLS

banana leaf streak

BPI
BPI-BNCRDC

Bureau of Plant Industry, Philippines
Bureau of Plant Industry - Bagiuo National Crop Research and
Development Centre, Guisad, Baguio City, Philippines

BPI-DNCRDC

Bureau of Plant Industry – Davao National Crop Research and
Development Centre, Bago-Oshiro, Davao City, Philippines

BRS

Banana Research Station, Kannara, Thrissur, Kerala, India

BSV

banana streak virus

BT

Bobby Tannap

CABI
CIRAD

CAB International
Centre de Cooperation Internationale en Recherche Agronomique Pour
le Developpement, France

CMV

cucumber mosaic virus

COGENT

International Coconut Genetic Resources Network, IPGRI

CVARRD

Cagayan Valley Agriculture and Resources Research and Development
Consortium, Cagayan Valley, Philippines

DA-BAR

Department of Agriculture – Bureau of Agricultural Research, Quezon
City, Philippines

DNA
DOST-PCARRD

deoxyribonucleic acid
Department of Science and Technology - Philippine Council for
Agriculture, Forestry and Natural Resources Research and Development,
Los Baños, Laguna, Philippines

DSI

disease severity index

ELF

egg-laying females

ELISA

enzyme-linked immunosorbent assay
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ESA

eastern and southern Africa

FAO

Food and Agriculture Organization of the United Nations, Italy

FHIA

Fundación Hondureña de Investigación Agrícola, Honduras

FOC

Fusarium oxysporum f.sp. cubense

GAU

Gujarat Agricultural University, India

GCA
HARRDEC

general combining ability
Highland Agriculture and Resources Research and Development
Consortium, Baguio City, Philippines

HRC-BARI

Horticulture Research Centre, Bangladesh Agricultural Research
Institute

IBPGR

International Board for Plant Genetic Resources

ICAR

Indian Council for Agricultural Research

IEBR

Institute of Ecology and Biological Resources

IIHR

Indian Institute of Horticultural Research, Bangalore, India

IITA

International Institute of Tropical Agriculture, Ibadan, Nigeria

IMTP
INIBAP

International Musa Testing Programme
International Network for the Improvement of Banana and Plantain,
Monpellier, France

INIBAP-ASPNET

International Network for the Improvement of Banana and Plantain,
Asia and the Pacific Network, Philippines

IPGRI

International Plant Genetic Resources Institute, Rome, Italy

IPM

integrated pest management

IRRI

International Rice Research Institute, Los Baños, Laguna, Philippines

ITC

INIBAP Transit Centre, Leuven, Belgium

KAU

Kerala Agricultural University, India

KUL

Catholic University of Leuven, Belgium

LOA
MARDI

letter of agreement
Malaysian Agricultural Research and Development Institute, Serdang,
Malaysia

MAS

marker assisted selection

MGIS

Musa Germplasm Information Service

MOU

Memorandum of Understanding

MTA

material transfer agreement

MUSADOC

Musa information and documentation

MUSALIT

INIBAP bibliographic database

NA

nutrient agar

NARO

Ugandan National Banana Research Programme

NARS

national agricultural research system

NBPGR

National Bureau of Plant Genetic Resources

NPK

nitrogen, potassium, phosphorus

NRCB

National Research Centre on Banana

NRMDC

National Repository, Multiplication and Dissemination Centre
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NVSIT

Nueva Vizcaya State Institute of Technology, Nueva Vizcaya,
Philippines

OL

Obino l’ewai

PCARRD

Philippine Council for Agriculture, Forestry and Natural Resources
Research and Development, Los Baños, Laguna, Philippines

PCR

polymerase chain reaction

PDA

potato dextrose agar

PE

polyethylene

PGA

polygalacturonase

PNG

Papua New Guinea

PROMUSA

Global Programme for Musa Improvement

QDPI

Queensland Department of Primary Industries

QHI

Queensland Horticulture Institute

QTL

quantitative trait loci

QUT

Queensland University of Technology, Australia

R&D

research and development

RAC

Regional Advisory Committee

RC

regional coordinator

RGC

Regional Germplasm Centre, SPC

RIF

Research Institute for Fruits, Indonesia

RISBAP

Regional Information System for Banana and Plantain - Asia and the
Pacific

RKG

Root-knot galling

RNI

root necrosis index

SCA

specific combining ability

SEM

Scanning electron microscope

SFRI

State Forest Research Institute, Itanagar, India

SMARRDEC

Southern Mindanao Agriculture and Resources Research and
Development Consortium, Davao City, Philippines

SPC

Secretariat of the Pacific Community, Fiji

TBRI

Taiwan Banana Research Institute, Pingtung, Taiwan

TC

tissue culture

TDZ

thidiazuron

TNAU

Tamil Nadu Agricultural University, India

UPLB

University of the Philippines Los Baños, Laguna, Philippines

USP

unilateral sexual polyploidization

VASI

Vietnam Agricultural Science Institute, Hanoi, Vietnam

VLIR

Vlaamse Interuniversitaire Raad, Belgium (or Flemish Interuniversity
Council)

VVOB

Vlaamse Vereniging voor Ontwikkelingsamenwerking en Technische
Bijstand, Belgium (or Flemish Association for Development Cooperation
and Technical Assistance)

WCA

West and Central Africa

YLS

youngest leaf spotted
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Appendix 6.
List of participants
Australia
James Dale
Centre for Molecular Biotechnology
School of Life Sciences
Queensland University of Technology
2 George St., GPO Box 2434
QLD-4001, Brisbane
Australia
Tel: (61 7) 3864 2819, 3864 2667
Fax: (61 7) 3864 1534
Email: j.dale@ qut.edu.au
Bob Williams
Programme Leader
Tropical Fruits, Department of Primary
Industries
Centre for Wet Tropics Agriculture
PO Box 20, South Johnstone Rd.
South Johnstone Qld 4859
Australia
Tel: (61 7) 4064 1130
Fax: (61 7) 4064 2249
Email:Williab@dpi.qld.gov.au

Bangladesh
Md. Abdul Hoque
Research Officer
Horticulture Research Centre
Bangladesh Agricultural Research Institute
Joydebpur, Gazipur
Bangladesh
Tel: 880 2 933 2340
Fax: 880 2 935 3395
Email: baridg@bttb.net.bd

Belgium
Dirk De Waele
Laboratory of Tropical Crop Improvement
Kathjolieke University of Leuven
Kasteelpark Arenberg 13, 3001 Heverlee
Belgium
Fax: +32 1632 1993
Email: dirk.waele@agr.kuleuven.ac.be

Rony Swenen
Honorary Research Fellow
Musa Genetic Improvement
INIBAP Transit Centre
C/o KUL
Laboratory of Tropical Crop Improvement
Kardinaal Mercierlaan 92
B-3001 Heverlee
Belgium
Tel: (32 16) 32 14 20/21
Fax: (32 16) 32 1993
Email: lab.trop@agr.kuleuven.ac.be

China
Chen Houbin
Director
Tropical and Subtropical Fruit Research
Laboratory
South China Agricultural University
Guangzhou 51064
China
Tel: 86 20 8551 1299 x 3417
Fax: 86 20 8528 2693
Email: hbchen@scau.edu.cn

Costa Rica
Franklin E. Rosales
Regional Coordinator for LAC
INIBAP
PO Box 60-7170 CATIE
Turrialba
Costa Rica 7170
Tel: (506) 556 2431
Fax: (506) 556 2431
Email: inibap@catie.ac.cr
Fiji
Tom Osborn
Agriculture Adviser
Secretariat of the Pacific Community
PMB, Suva
Fiji Islands
Tel: 679 370 733
Fax: 679 370 021
Email: TomO@spc.int
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France
Jean Carlier
Centre de Cooperacion International en
Recherche Agronomique pour le Developpement
TA 40/02, Avenue Agropolis
34 398 Monpellier
France
Email: jean.carlier@cirad.fr
Jean-Vincent Escalant
Senior Scientist
Musa Genetic Resources
INIBAP
Parc Scientifique Agropolis 2
34397 Monpellier Cedex 5
France
Tel: (33) 467 61 1302
Fax: (33) 467 61 0334
Email: j.escalant@cgiar.org
Emile A. Frison
Director
INIBAP
Parc Scientifique Agropolis 2
34397 Monpellier Cedex 5
France
Tel: (33) 467 61 1302
Fax: (33) 467 61 0334
Email: e.frison@cgiar.org
Suzanne Sharrock
Germplasm Conservation Scientist
INIBAP
Parc Scientifique Agropolis 2
34397 Monpellier Cedex 5
France
Tel: (33) 467 61 1302
Fax: (33) 467 61 0334
Email: s.sharrock@cgiar.org

India
S. Sathiamoorthy
Director
National Research Centre on Banana
44 Ramalinga, Vayalur Rd.
Trichy – 620017, Tamil Nadu
India
Tel: 91 431 770 797, 771 299, 771 779
Fax: 91 431 770 564
Email: nrcb@trichy.tn.nic.in

Indonesia
Ahmad Dimyati
Director
Research Centre for Horticulture and
Miscellaneous Crops
Jl Ragunan 19, Pasarmingu, Jakarta
Indonesia
Tel: 62 21 780 5768
Fax: 62 21 780 5135
Email: dimyatia@indo.net.id

Malaysia
Siti Hawa Jamaluddin
Senior Research Officer
Horticulture Research Centre, MARDI
PO Box 12301, 50774 Kuala Lumpur
Malaysia
Tel: 603 8943 7288
Fax: 603 8948 7590
Email: sitihawa@mardi.my

Nigeria
Abdou Tenkouano
Crop Improvement Division
International Institute of Tropical Agriculture
P.M.B. 5320 Oyo Road, Ibadan
Nigeria
Email: iita@cgnet.org

Philippines
Rene Rafael Espino
Professor
Department of Horticulture, College of
Agriculture
U.P. Los Baños, College, Laguna
Philippines
Tel: 63 49 536 5790
Fax: 63 49 536 2478
Email: butchoy@laguna.net
Maria Angeli G. Maghuyop
Technical Assistant
INIBAP-ASPNET
c/o IRRI, Collaborators’ Centre, College
Los Baños, 4031 Laguna, Philippines
Tel/Fax: 63 49 536 0532
Tel: (63 2) 845 0563/ 762 0127 loc. 6874
Fax: (63 2) 891 1292 / 761 2406
Email: amaghuyop@cgiar.org
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Agustin B. Molina
Regional Coordinator
INIBAP-ASPNET
c/o IRRI, Collaborators’ Centre, College
Los Baños, 4031 Laguna
Philippines
Tel/Fax: (63 49) 536 0532
Tel: (63 2) 845 0563/ 762 0127 loc. 6874
Fax: (63 2) 891 1292 / 761 2406
Email: amolina@laguna.net; amolina@cgiar.org
Versalynn N. Roa
Technical/Adminsitrative Assistant
INIBAP-ASPNET
c/o IRRI, Collaborators’ Centre, College
Los Baños, 4031 Laguna, Philippines
Tel/Fax: 63 49 536 0532
Tel: (63 2) 845 0563/ 762 0127 loc. 6874
Fax: (63 2) 891 1292 / 761 2406
Email: vroa@cgiar.org

Sri Lanka
Sujatha Weerasinghe
Research Officer
Agriculture Research Station
Angunakolapalessa
Sri Lanka
Tel: 94 47 28 336
Fax: 94 47 28 204, 30 165
Email: ddrap@sltnet.lk

Taiwan
Shin Chuan Hwang
Director
Taiwan Banana Research Institute
PO Box 18, Chiuju, Pingtung
Taiwan 90403
Tel: 886 8 739 2111/3
Fax: 886 8 739 3647
Email: tbri@ksts.seed.net.tw

Thailand
Kasem Chunkao
Naresuan University
Tapho, Muang, Phitsanulok 65000
Thailand
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