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ABSTRACT

This study was conducted to determine the prevalence and incidence of Banana Bunchy Top
Disease (BBTD) in major banana growing regions of Zambia. Banana Bunchy Top Disease is
caused by Banana Bunchy Top Virus (BBTV) and is considered the most serious disease of

banana (Musa spp.) worldwide. It can cause total crop loss if it is not diagnosed early.

A survey was conducted in Copperbelt, Eastern, Luapula, Lusaka and Southern Provinces of
Zambia between May and November, 2009. A total of 15 districts were surveyed and involved
75 farmers. Farmers were interviewed regarding their knowledge on banana production and

banana bunchy top disease using a questionnaire.

Based on visual symptoms, leaf samples were collected from symptomatic and asymptomatic
banana plants in the field using FTA® cards. Serological tests were done using Polymerase Chain
Reaction technique. Results of work done in the laboratory confirmed the presence of BBTV in
all symptomatic plant samples analysed while only one asymptomatic sample tested positive for
BBTV. Of the common banana cultivars grown in Zambia none showed resistance, although the
level of susceptibility varied among them. Landraces showed low levels of susceptibility in
comparison to the improved cultivars. Disease incidences were significantly different at P<0.05
with average means ranging from 1 — 31.8%. The Presence of the Banana Bunchy Top Virus

vector (Pentalonia nigronervosa Coq) was also confirmed in the field.
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CHAPTER ONE
1.0. INTRODUCTION

Banana (Musa spp.) is one of the most important fruit crops in Zambia. Its production
contributes significantly to food security and employment creation in both rural and urban
areas. Banana cultivation thus contributes to the fight againsf poverty. The average yield of
bananas for most small scale farmers in Zambia between 1993 and 2003 was reported at
3,182Kg/ha (FAO, 2004), with no report on commercial banana production. However,

Zambia has potential to produce as much as 31,700 to 61,200 Kg/ha of bananas annually.

Present day bananas are a cross between Musa acuminata Colla and Musa balbisiana Colla

species, which are believed to have originated in Malaysia and India respectively.

The best altitude for banana production is between sea level and 1800 metres (Ngeze and
Gathumbi, 2004). Fertile, well drained soils with rainfall of 1000 mm to 1800 mm per annum
are needed to achieve best yields. The optimum temperature for banana plants is between
25.5°C and 30.5° C. Being a tropical/ subtropical crop, temperatures below 16.5° C result in

stunted growth.

The banana plant is a monocotyledonous, perennial-herbaceous plant belonging to the family
Musaceae. 1t is composed of an above ground and underground stem. The above ground stem
which is succulent and juicy bears leaves and inflorescence, while the underground stem, also
known as a corm, bears roots. The banana inflorescence is covered with bracts which produce
rows of female flowers and undeveloped male flowers. The fruits usually develop without
fertilization, a term referred to as parthenocarpy. Propagation is vegetative by use of suckers

or multiplication of disease free planting material through tissue culture. A fruit bunch is
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harvested every nine (9) months, although this is dependent on the variety and management.
The Pseudostem is always destroyed after the bunch is harvested. Commonly cultivated
bananas are triploid in nature and are usually represented by AAB and ABB and have 2n = 3x

= 33 chromosomes.

Bananas are available throughout the year in Zambia and are mainly taken as a dessert fruit
belonging to the AAA triploid group. When ripe, a banana fruit contains 20% sugar, 3%
protein, and small amounts of vitamins A, B, C, D and E. The fruit is also rich in potassium

(K), Calcium (Ca), Iron (Fe), Sodium (Na) and Phosphorus (Chandler, 1995).

Bananas contain three natural sugars in the form of Sucrose, Glucose and Fructose. These
simple sugars form carbohydrates which are a source of energy for the human body

(Wardlaw and Kessel, 2002).

The banana fruit being a source of plant protein entails that it is important for tissue growth in
human beings. When protein intake is inadequate but total caloric intake is sufficient, a

condition referred to as kwashiorkor may occur (Balch and Balch, 1997).

Vitamins are chemical compounds that are required for normal growth and metabolism.
Vitamin A (Beta- Carotene) is very important as it affects bones, eyes, hair, immune system,
skin, soft tissues and teeth. Deficiency leads to allergies, loss of appetite, blindness, colds and
insomnia among other things. Vitamin B is very important for body cells, eyes,
gastrointestinal tract, hair, liver, mouth and nervous system. Deficiency symptoms include
anemia, appetite loss, bad breath, depression, fatigue and hypertension. Vitamin C affects the

adrenal glands, blood, bones, capillary walls, cells, heart, nervous system and teeth. Vitamin




C deficiency leads to anemia, bleeding gums, breath shortness, low infection resistance, stress

and capillary wall ruptures (Harper, 1999; Balch and Balch, 1997).

Vitamin D affects the bones, heart, kidneys, nervous system, skin, teeth and thyroid gland.
Inadequate intake of vitamin D leads to brittle and fragile bones, burning in the mouth and
throat, diarrhoea, insomnia, irregular heartbeat, low blood calcium, rickets, soft bones and

sensitivity to pain (Balch and Balch, 1997).

Vitamin E affects the arteries, blood vessels, heart, lungs, nerves, pituitary glands and skin.
Its deficiency leads to enlarged prostate gland, A gastrointestinal disease, dry or falling of

hair, impotence, muscle weakness and slow tissue healing (Balch and Balch, 1997).

In terms of minerals Calcium in bananas is very important for the maintenance of electrolyte
balance in the body and also essential for bones. It is an essential mineral for overall health.
Potassium on the other hand is important for blood, endocrine/digestive and nervous systems,
heart, kidneys and muscles. Deficiency of potassium leads to constipation, continuous thirst,

decreased blood pressure, dry skin, insomnia and hair problems (Harper, 1999).

Tron is essential for blood, bones, metabolic system, muscles, nails, skin and teeth. Deficiency
symptoms include breathing difficulties, brittle nails, dizziness, anemia and sore or inflamed

tongue (Morrison and Hark, 1999).

Sodium affects the lymphatic system, blood, muscles and nerves. Its deficiency leads to
appetite loss, cramps, decreased resistance to infections, eye disturbances, fatigue, intestinal

gas and vomiting (Morrison and Hark, 1999).

Finally, on the minerals, Phosphorus affects the bones, brain cells, circulatory and digestive

system, eyes, liver, muscles, nerves and teeth. Its deficiency leads to bone pain, fatigue,
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irregular breathing, nervous disorders, tooth problems, appetite loss, heart and kidney

problems (Subar, 1998).

Despite all this importance attached to the banana fruit, its production in Zambia has declined
over the years thereby failing to meet the increasing demand. This decline is partly due to
pests and diseases, infer alia. Diseases caused by fungi are among the most important
diseases of banana. Viral diseases rank as the second most serious problem which limits
banana cultivation (Hadidi ez al., 1998). However, unlike fungal diseases, where chemical
methods of disease control are successful, control of viral diseases is much more problematic.
Viral infections of banana can generally cause losses of up to 30%, and occasionally up to 50

— 80% (Fraser, 1990).

There are four significant diseases of bananas that are caused by viruses. Banana Bunchy Top
Disease (BBTD) is the most devastating and can cause total crop loss if early diagnosis and
stringent sanitation is not practised. Other virus diseases include Banana Mosaic Virus
(BMV), Banana Streak Virus (BSV), and Cucumber Mosaic Virus (CMV), (Jones, 2002;

Ploetze et al., 2003).

The presence of Banana Bunchy Top Disease has been suspected in banana growing areas of
Southern, Copperbelt, Eastern, Luapula and Lusaka provinces of Zambia. Most farmers in
Southern, Copperbelt and Lusaka provinces grow bananas on a commercial basis. In the other
parts of the country, bananas are grown mostly on small family farms or traditional gardens

located in wetlands or along streams.

The literature reviewed so far indicates that no research work has been done on the

geographical distribution, prevalence and incidence of the virus causing Banana Bunchy Top




Disease in Zambia. Knowledge of the geographical distribution and prevalence of the disease
can assist in the development of control measures like introduction of quarantine practices
which can prevent the spread of the disease in Zambia. Disease incidence results can help
plant inspectors to identify severely affected areas and prevent the movement of germplasm

from such areas to non-affected areas in the country.

The overall objective of the study was to determine the prevalence and geographical
distribution of Banana Bunchy Top Disease (BBTD) in major banana producing areas of

Zambia. The specific objectives were to:

i To assess the incidence of banana bunchy top disease in major banana growing areas of

Zambia

ii. To confirm presence of the BBTV vector Pentalonia nigronervosa Coq in sampled fields.




CHAPTER TWO
2.0. LITERATURE REVIEW
2.1. History and Geographical Distribution

The origin of Banana Bunchy Top Disease (BBTD) is not kpown with certainty. However,
there is evidence to show its existence in Fiji in 1889 (Magnaye and Valmayor, 1995). Many
Fiji plantations were abandoned by 1894 because of the severity of the infection, leading to
the Island’s banana export industry being threatened (Wardlaw, 1972). Exports fell from
788,000 bunches in 1892 to just 114,000 bunches in 1895 (Magee, 1953). The disease was
subsequently reported in 1900 from Taiwan (Sun, 1961) and in 1901 from Egypt (Magee,
1953). This disease has also been reported from Sri Lanka and Australia around 1913
(Gowen, 1995). It is believed that Banana Bunchy Top Disease was introduced into Australia
and Sri Lanka through infected banana suckers brought in from Fiji (Magee, 1927 and
Wardlaw, 1972). By 1927, Magee reported that the disease incidence in Australia was in the
range of 5 — 90%, although it has since been controlled through the implementation of strict
phytosanitary control measures and government legislation (Harding et al., 2001). In 1940,
the disease was reported from India where it may have been introduced into Southern India
from Sri Lanka (Magee, 1953). Interestingly, a very similar disease, abaca bunchy top disease
in abaca (Musa textilis) was recorded in the Philippines in 1910 (Ocfemia, 1926). However,
banana bunchy top disease was not recorded in the Philippines until 1960 (Castillo and
Martinez, 1961). Vietnam was also affected by BBTD in 1968 (Vakili, 1969). Doon, (1995)
later reported of the spread of the disease to Sarawak in Borneo of Malaysia. The disease has
also been reported from Pakistan where damage recorded in some districts was more than

60% and production declined by 90% (Soomro et al., 1992). According to Hu et al., (1993)




and Ranasingh (2007) this disease has also been reported from China, Hawaii and Myanmar.
Thomas and Iskra-Caruana (2000) and Pillay (2005) reported the occurrence of this disease
from Angola, Burundi, Central African Republic, Congo, Democratic Republic of Congo

(DRC), Gabon, Malawi and Rwanda (Thomas and Iskra-Caruana, 2000).

2.2. Symptomatology

The symptoms of Banana Bunchy Top Disease (BBTD) are quite distinctive and not likely to
be confused with any other disease (Wardlaw, 1972). Symptoms may become apparent at any
stage of plant growth. In severely infected banana plants, the leaves are typically bunched
together at the apex (Figure 3), forming a congested rosette and hence the name “bunchy top”

disease (Gowen, 1995).

Initial symptoms consist of dark green streaks in the veins of lower portions of the leaf
midrid, petiole base and the pseudostem (Harding et al., 1993). This symptom is also referred
to as “Morse Code Streaking”. This is due to the irregular streaks which resemble a series of
breaking “dots” and “dashes”. Infected leaves become stunted and chlorotic at the margins
(Gowen, 1995). The leaves of infected plants become brittle in texture and the petioles are
incompletely elongated. Severely infected plants do not bear fruit, and if fruits do develop,
they are severely distorted, stunted and sometimes twisted or deformed and of little
commercial value (Ranasingh, 2007). The lower hands of the bunch in infected plants often
die off (PANS, 1977). Suckers that develop from infected “Mother” plants are also infected,
indicating that the virus becomes widely distributed in the growing tissues (Figure 4). Magee
(1953) noted that there are differences in disease symptoms shown by daughter suckers and

plants infected from an outside source.




2.3. Economic Impact

Despite Banana Bunchy Top Disease being widespread in Asia and the South Pacific regions,
there are no accurate estimates of the international economic impact. In most cases, the
incidence of the disease is not well documented (Dale and Harding, 1998). However, Fiji,
Australia, Pakistan and the Philippines can be used as example§ where this disease has been

well studied and has caused serious economic losses.

In the Islands of Fiji, the banana export industry began in 1877 with shipments of 3,100
bunches. Production rose to 359,000 bunches in the course of ten years; a peak being reached
in 1892 with exports reaching 788,000 bunches. But with the outbreak of Banana Bunchy

Top Disease three years later, banana export declined to 147,000 bunches (Wardlaw, 1972).

Banana Bunchy Top Disease was first recognized in Australia in 1913 and spread rapidly in
the plantations on the border between the states of Queensland and New South Wales (Dale
and Harding, 1998). By 1926, 90% of the original banana plantations in New South Wales
were out of production (Wardlaw, 1972). Output fell from 460,000 cases of bananas in 1922
to 140,000 cases in 1925 (Dale and Harding, 1998). In the Currumbin district of South East
Queensland, the number of banana plantations fell from 100 in 1922 to 4 in 1925 and
production fell from 4,400 tonnes to 110 tonnes in the same period (Dale, 1987). In
describing the devastating effect of the disease at the time, Magee (1927) reported of how
difficult it was for someone, who had not visited the devastated areas, to visualize the
completeness of destruction wrought in such a short time. Dale and Harding (1998) reports
that the drastic impact on production was most certainly due to banana bunchy top disease

alone. However, It is interesting to note that currently, due to a scheme of control based on
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inspection, eradication and replanting with disease free material, this disease has been

reduced to a minor one ( Magee, 1953 and Wardlaw, 1972).

Similar losses due to Banana Bunchy Top Disease have been recorded in Pakistan where it
was first recorded in 1988 in Sindh Province (Khalid er al., 1993). Approximately, 60%
reduction in production occurred. From 23,500 hactarage under banana production in 1988 it
fell to 8,000 hactares in 1992 (Dale and Harding, 1998). This reduction was attributed to

Banana Bunchy Top Disease (Khalid and Soomro, 1993).

In the Philippines and Vietnam the disease was so widespread that disease incidence in small

holdings rose considerably to about 50% (Dale and Harding, 1998).
2.4. Aectiology and Epidemiology

Difficulties have been experienced in establishing the aetiology of Bunchy Top Disease
(Gowen, 1995). This is because Banana Bunchy Top Virus was initially thought to be a
Luteovirus (Mathews, 1982). This was based on the fact that the disease showed many
characteristics of luteovirus infections such as not being sap transmissible, the persistent
manner of transmission by aphids and induced phloem damage in infected plants (Dale and
Harding, 1998). Subsequent evidence supported this theory. Dale et al., (1986) successfully
extracted dsSRNA from Banana Bunchy Top Disease infected plants that was not present in
non diseased plants and the electrophoretic pattern of this dsRNA was similar to the
electrophoretic patterns of dsRNA extracted from plants infected with known luteoviruses.
Iskra et al., (1989) purified 28 nm isometric virus-like particles from plants infected with
Banana Bunchy Top Disease. In contrast, Wu and Su (1990) purified 20-22 nm isometric

virus like particles from infected plants and reported that these particles contained ssRNA of



about 6.0 kb. They described these particles as those of a small luteovirus and generated

monoclonal antibodies for the detection of these particles (Dale and Harding, 1998).

However, it is now known that Banana Bunchy Top Virus is an isometric virus which is
phloem limited and has a genome comprising of at least six different components of circular
single stranded DNA (BBTV DNA -1 to -6) ranging in size from 1018 to 1111 nucleotides
(Wu and Su,1990; Harding et al., 2001; Burns et al., 1994). This was proved when Harding ef
al., (1991) and Thomas and Dietzgen (1991) purified 18- 20 nm isometric virus like particles
from infected plants using modifications of the method of Wu and Su (1990) and Dale and

Harding (1998).

Banana Bunchy Top Virus belongs to the Nanovirus group and is a member of the genus
Babuvirus of the Nanoviridae family (Amin et al., 2008). It has 18-22 nm isometric virions,
a multicomponent ssDNA genome with a relative molecular mass of 2.0 x 106 and a coat
protein sub unit with relative molecular mass of 20,000 (Thomas et al., 2001 and Ranasingh,

2007).

Harding et al., (1993) reported the sequence of the first component of the Banana Bunchy
Top Virus genome. The component was shown to be circular ssDNA and 1.111kb (Dale and
Harding, 1998). It contained a potential stem-loop structure, the loop sequence of which was
almost identical to the invariant loop sequence of geminiviruses (Lazarowitz, 1992 and Dale

and Harding, 1998).

The Bunchy Top Virus of bananas is disseminated in vegetative propagules through the
movement of infected plants from one place to another (Gowen, 1995). But most importantly,

it is spread from plant to plant by an aphid “Pentalonia nigronervosa Coq” which feeds on
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infected plants and later transmits the virus to healthy banana plants (Magee, 1927, 1940,
1953 and Thomas et al., 1994). Aphids are usually involved in short distance movement
while diseased planting material is responsible for both short and long distance movement of

the disease (Dale and Harding,1998).

Most of the epidemiological studies on Banana Bunchy Top Disease have been done in
Australia. Allen (1978) reported that from an initial focus of infection the mean distance of
new infections, presumably resulting from aphid infections, was 17.2 metres with 70% of
new infections within 20 metres and 99% of new infections within 86 metres. Allen and
Barnier (1977) found that when a new disease free plantation is set up, there is a chance of up
to 88% getting the disease if it is located adjacent to a disease infested plantation. However,
this dropped to a 27% probability if the nearest infected plantation was 50 to 1000 metres

away (Dale and Harding, 1998).

The only confirmed hosts of the Banana Bunchy Top Disease are species within the genus
Musa (M. acuminata, M. balbisiana and their hybrids, Fei bananas) and Ensete ventricosum,
all members of Musaceae (Magee, 1927 and Dale and Harding, 1998). It is important to note
that there is no known commercial cultivar of banana and plantain which has shown to be
immune or highly resistant to Banana Bunchy Top Disease. However, variations do exist
between cultivars in the rate of infection and the severity of symptoms (Magee, 1927, 1948
and Jose, 1981). The Dwarf Cavendish variety is very susceptible, much more so than some
of the taller varieties (Wardlaw, 1972). Musa ensete, an African variety, is also susceptible to

Banana Bunchy Top Disease (Magee, 1953).
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2.5. The Aphid Vector

No other aphid, apart from the “Pentalonia nigronervosa Coq”, is known to transmit Banana
Bunchy Top Virus (Magee, 1927). Hafner et al., (1995) reported that the Banana Bunchy

Top Virus does not replicate inside the aphid vector.

The banana aphid is present worldwide where bananas (Musa spp.) are grown. Besides
bananas, the banana aphid infests many tropical and subtropical plants which include Alpina
purpurata (floral red and pink ginger), Xanthosoma (ape), Cardamon, Heliconia and
tomatoes (Waterhouse, 1987 and Zimmerman, 1948). However, Xie et al., (1996) reported

that ginger is not a host of BBTV.

Like most aphids, the banana aphid is a phloem feeder that uses its long stylets to pierce plant

tissue to suck the sap directly (Wardlaw, 1972).

Reproduction in the banana aphid is entirely parthenogenetic (without mating). The life cycle
(nymph to adult) is completed in 9 to 16 days. The nymphs are more efficient vectors than
adults (Magee, 1930).The virus is retained for at least 13 days after aphids have fed on an
infected source and persists through the moult (Wardlaw, 1972). There is no egg stage,

meaning that young ones are born live (Waterhouse, 1987).

Aphids may be spread throughout the plantation or a banana district by contact transfer from
plant to plant in the same or adjacent rows; by movement of aphids over the soil; by the flight
of winged individuals; by movement of aphid infected suckers; by translocation of aphid
infected soil on the tools and on clothes of workers during cultural and harvesting operations

(Magee, 1927 and Wardlaw, 1972).
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The aphid colonies occur in the heart (croWn) of the banana plant and between the
pseudostem and the leaves, the conditions there being ideal for feeding and protection
(Wardlaw, 1972). Throughout the greater part of the year, colonies consist of wingless
females but later on develop wings and migration begins. This information helps to
understand how new outbreaks may occur in isolated and protected areas planted with

uninfected material (Wardlaw, 1972).
2.6. Ecological Relationship

Bunchy Top Disease is known to occur under tropical, subtropical and temperate conditions
indicating that climatic factors have little influence on its incidence and development.
However, seasonal fluctuations have a marked effect (Wardlaw, 1972). In summary, the most
favourable conditions for the development of Bunchy Top Disease are periods of rain during

the summer months.
2.7. Disease and Virus strains

The available evidence shows that there are different strains of Banana Bunchy Top Disease.
For instance, Abaca Bunchy Top Disease in abaca (Musa textilis) was recorded in the
Philippines in 1910.This disease was very similar to Banana Bunchy Top Disease in terms of
biological properties, symptoms and transmission (Dale and Harding, 1998). However,
Banana Bunchy Top Disease was not recorded in the Philippines until 1960. Ocfemia and
Buhay (1934) could not transmit Abaca Bunchy Top Disease to bananas whereas Magee

(1927) successfully transmitted Banana Bunchy Top Disease to abaca.

Karan et al., (1994) worked on Banana Bunchy Top Virus isolates from 10 countries by

sequencing and comparing their DNA component 1. It was found that there were two groups
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of isolates, the Asian group (Taiwan, Philippines and Vietnam) and the South Pacific group
(Australia, Burundi Egypt, Fiji, India, Tonga and Western Samoa). Two groups of isolates
were also confirmed on Banana Bunchy Top Virus DNA component 2 to 6 (Karan, 1995).
Dale and Harding (1998) believe these two groups represent the two groups of strains of

Banana Bunchy Top Virus.

28. Control of Banana Bunchy Top Disease

Even though there are a number of control measures for Banana Bunchy Top Disease, it still
continues to be a major limitation to banana production in some regions (Dale and Harding,

1998). Some of the control measures include:-

2.8.1. Prevention

Though Banana Bunchy Top Disease is widespread, it has not been reported from the
Americas. This is the reason why the International Plant Genetic Resources Institute (IPGRI)
and the Food and Agriculture Organization of the United Nations (FAO) have developed
extensive recommendations on the movement of banana germplasm and planting material
between regions (Frison and Putter, 1989). Where possible, the primary recommendation is
that Musa germplasm be moved only as in vitro plantlets. However, Drew ef al., (1989)
demonstrated that Banana Bunchy Top Disease could still be transmitted through plantlets in
vitro when these plantlets are derived from diseased plants although, symptoms at this stage

may not be evident.

Therefore, it is important that accurate and intensive diagnostic methods are employed to test
in vitro material besides using visual symptoms before plantlets are released into non-

infected areas (Dale and Harding, 1998). Wu and Su (1990) generated a range of monoclonal
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antibodies that can be used in ELISA, while Thomas and Dietzgen (1991) developed both
monoclonal and polyclonal antisera for the detection of banana bunchy top virus using
ELISA. Harding et al, (1991) also developed a DNA probe for the detection of Banana
Bunchy Top Virus DNA component 1 using either dot blot or southern blot analysis. Karan et
al., (1994) developed a range of oligonucleotide primers for thg amplification of all known
sequence variants of Banana Bunchy Top Virus DNA components (Burns et al., 1995; Karan,
1995 and Dale and Harding, 1998). Preventative measures such as stringent quarantine
procedures, when adopted and carefully practised, have potential to reduce the risk of further

dissemination of bunchy top virus (Gowen, 1995).
2.8.2. Virus free planting material

It is possible to provide large quantities of virus tested banana germplasm, with the advent of
in vitro propagation and the availability of a range of sensitive and specific Banana Bunchy
Top Virus diagnostic methods (Dale and Harding, 1998). Another method is through official
inspection and certification schemes where disease-free plantings are identified as suitable
sources of propagation material (Gowen, 1995). The only challenge with both approaches is

to ensure the production of the required large quantities.
2.8.3. Resistant Cultivars

There have been reports of resistance in some varieties though they are not completely
immune to the disease. Jose (1981) tested a range of banana cultivars and found that
Kanchikela and Venattukunnan belonging to the balbisiana type (BB and BBB) were most
resistant. Under experimental conditions neither plants were immune, but fewer plants

became infected with Banana Bunchy Top Virus compared to the Gros Michel and many
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other varieties of the acuminata group with AA or AAA genomes (Dale and Harding, 1998).
This means that there is a possibility of selecting cultivars that can potentially slow the

progression or reduce the incidence of the disease.

The differences in susceptibility to infection provide a scope for breeding a Banana Bunchy
Top Virus resistant or tolerant variety. However, this is only possible when a suitable source
of resistance is identified in a cultivar (Gowen, 1995 and Dale and Harding, 1998). However,
work has been slow in this area and so far no immune variety has been identified. Dale
(1987) also considers the possibility of use of biotechnology techniques to develop
genetically engineered forms of resistance which can eventually play an important role in the

control of the disease.

2.8.4. Vector control

Applications of insecticide to decrease the aphid population can be used to restrict the spread
of Bunchy Top Virus (Gowen, 1995). However, other problems accompany the use of
insecticides such as toxicity to consumers and operators, expense and harmful environmental

effects.

2.8.5. Inspection and Roguing

Regular inspection of plantings and early eradication of diseased plants is an effective and
important strategy for control of Banana Bunchy Top Disease (Dale and Harding, 1998).

However, this requires knowledge and ability to diagnose the disease from early symptoms.
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2.8.6. Transgenic Resistance

Transgenic virus resistance, based on virus- derived transgenes, has been widely
demonstrated to be an effective strategy for the control of plant viruses (Dale and Harding,
1998). This strategy can specifically work for bananas as there is no known variety that is
immune to Banana Bunchy Top Disease and conventional banana breeding programs have
yet to prove effective (Dale, 1990). May et al., (1995) and Sagi Wet al., (1995) have reported of
the regeneration of genetically transformed bananas. May et al., (1995) transformed the
variety Grand Nain using 4grobacterium - mediated transformation while on the other hand
Sagi et al., (1995) were able to transform the cultivar Bluggoe with the use of microprojectile
bombardment. Six ssDNA components have been sequenced (Burns et al., 1995; Harding et
al., 1993 and Xie and Hu, 1995). This work should lead to the Banana Bunchy Top Virus
derived resistance genes being incorporated into bananas which can hopefuliy result in

Banana Bunchy Top Virus resistant transgenic bananas (Dale and Harding, 1998).

17



CHAPTER THREE
3.0. MATERIALS AND METHODS
3.1. General features of study area

A survey was conducted in Zambia’s major banana growing regions during the period of May
to October, 2009. A total of 15 districts were sampled which are spread out over five
provinces of Zambia and different agro-ecological regions (Figure 1). The selected provinces
were Copperbelt, Eastern, Luapula, Lusaka and Southern Provinces (Figure 2). On average,
more than 40% of a province was sampled bearing in mind the status of banana production in

a particular district of a chosen province.

Kitwe, Masaiti, and Ndola districts were covered in Copperbelt Province while Nyimba,
Katete and Chipata distrcts were picked in Eastern Province. Luapula Province had Mansa,
Mwense and Kawambwa. In addition to this, Lusaka and Kafue districts of Lusaka Province
were surveyed, with Chiawa farmers being grouped together with Kafue farmers due to
proximity reasons. The last province tackled was Southern province with Choma, Mazabuka,
Monze and Siavonga districts. The selection of individual provinces was done with the help
of the Department of Agriculture and the Zambia Agriculture Research Institute of the
Ministry of Agriculture and Cooperatives. Provincial Agricultural Officers later on assisted
with the selection of major banana growing districts in a province. Individual Farms in each

district were then randomly selected.
3.1.1. Zambia’s agro-ecological regions

Zambia has three different agro-ecological regions namely regions I, II and III (Figure 1).
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3.1.1.1. Regionl

Chiawa, Nyimba and Siavonga districts are found in region I. This region is characterized by
major valleys such as Gwembe, Lunsemfwa and the Luangwa valleys, which lie between 300
and 900 metres above sea level. Other areas of region I include the Southern parts of Western

and Southern Provinces with elevation between 900 and 1200 metres.

Region I has the shortest growing season with low mean annual rainfall which does not

exceed 800 mm and more prone to droughts in comparison to other parts of Zambia.

Relatively high temperatures are characteristic of region I, with mean daily temperatures that
may vary from 20° C to 25° C and be sometimes as high as 38° C in July. However, winters
can be very cold with severe frosts expected in the southern parts of Western and Southern

Provinces.
Region I soils are slightly acidic to alkaline with minor fertility limitations.
3.1.1.2. Region II

Lusaka, Choma, Mazabuka, Monze, Kafue, Chipata and Katete districts are in region II. This
region is characterized by the Kalahari sand plateau with general elevation of 900 to 1300

metres above sea level.

The amount of rainfall received in this region is between 800 and 1000mm which is generally

well distributed.

Mean daily temperatures range from 23°C to 25° C with maximum temperatures reaching 32°
C in October. Low temperatures of about 10° C are experienced in this region in July. Soils of

region II have slight to severe chemical and physical limitations to crop production.
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3.1.1.3. Region III

Of the surveyed area, Mansa, Mwense, Kawambwa, Masaiti, Ndola and Kitwe fall under
agro-ecological region III. This region is characterized by altitudes ranging from 1100 to
1700 metres above sea level. Region III receives mean annual rainfall exceeding 1000mm.
Mean monthly temperatures vary from 16° C, while mean temperatures in the cold season
averages about 18° C with the exception of a few places which experience frost problems

averaging 17 days per year.

The soils in this region are generally highly weathered, leached and characterized by low pH

of less than 4.5, which are often toxic to plant growth.
3.2. CONDUCT OF STUDY

Selection of Provinces and Districts for the survey was based on information obtained from
Department of Agriculture and the Zambia Agriculture Research Institute of the Ministry of
Agriculture and Cooperatives pertaining to banana production. Areas chosen had both local
and improved cultivars of bananas grown by both small holder and commercial farmers. In
the sampled areas, all the districts were accessible by road. Individual farms/homesteads were
randomly selected within the district and the distances varied from province to province and

ranged from 10 — 70 Km apart.

Global Positioning System (GPS) data was used to determine the altitude, latitude and
longitude data and this information was used to produce a map showing the whole surveyed

area as shown in Figure 2.
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Map of Zambia Showing the Study Area
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Figure 2. Map of Zambia showing study area of Banana Bunchy Top Disease Survey.
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3.3. DATA COLLECTION AND ANALYSIS
3.3.1. Interviews .

Seventy five farmers, both small scale and commercial farmers, were interviewed using a
questionnaire (Appendix 1) in the fifieen districts which were surveyed. Responses from
farmers were analysed using the Statistical Program for Social Sciences (SPSS) program

version 16.

The respondents were randomly selected and there was no bias towards age, gender, farming
system, farming experience, varieties grown or wealth. Each farmer was expected to give
information pertaining to general banana production with specific emphasis on agronomic/
management practices, importance of bananas in comparison to other crops grown,
knowledge of banana pests/diseases and finally if they knew anything about Banana Bunchy

Top Disease and its vector Pentalonia nigronervosa Coq.

During the interview, the farmer was not told that the focus of the research was Banana
Bunchy Top Disease so as to get as much information as possible on the farmer’s knowledge

on the disease and its vector.
3.3.2. Disease Incidence

For the purpose of recording disease incidence, twenty five (25) plants per block of banana
field were randomly ear marked diagonally (Rao et al., 2002). Infected plants were identified
and marked based on typical Banana Bunchy Top Disease visual symptoms. These symptoms
included short, erect leaves and severe rossetting with a bunchy top appearance (Figure 3).In

addition to this, there were dark green dot-dash spots and streaks on leaf laminae and

23



pseudostem (Figure 5) with leaves showing excessive brittleness. These are classical

symptoms of banana bunchy top disease (Magee, 1939).

The disease incidence for each farm was calculated using the formula by Gibbs (1983) and

Allen et al.,(1983) as shown below.
Disease Incidence (%) = (Number of infected plants/Number of plants selected) X 100.

Disease Incidence data obtained was tested for homogeneity of variance before analysis. The
data was later on transformed to arcsine values as described by Gomez and Gomez (1984).
The transformed data was then subjected to analysis of variance (ANOVA) using Genstat
Statistical Programme 11" Edition (Payne ef al., 2008). The experimental design used was
completely randomized design (CRD) with districts being treatments while individual farms
were used as observations (Gomez and Gomez, 1984). The number of farms selected per

district was not equal because some districts had more banana growers than others.

Samples of the BBTV vector, Pentalonia nigronervosa Coq were collected from some fields
and photographs taken as shown in Figure 6. Later on laboratory analysis and identification

was done at Mount Makulu Research Station.
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Figure 3. Banana plant showing symptoms of bunchy top disease (bunchy leaves).
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Figure 4. Sprouting infected suckers .
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ABSTRACT

This study was conducted to determine the prevalence and incidence of Banana Bunchy Top
Disease (BBTD) in major banana growing regions of Zambia. Banana Bunchy Top Disease is
caused by Banana Bunchy Top Virus (BBTV) and is considered the most serious disease of

banana (Musa spp.) worldwide. It can cause total crop loss if it is not diagnosed early.

A survey was conducted in Copperbelt, Eastern, Luapula, Lusaka and Southern Provinces of
7ambia between May and November, 2009. A total of 15 districts were surveyed and involved
75 farmers. Farmers were interviewed regarding their knowledge on banana production and

banana bunchy top disease using a questionnaire.

Based on visual symptoms, leaf samples were collected from symptomatic and asymptomatic
banana plants in the field using FTA® cards. Serological tests were done using Polymerase Chain
Reaction technique. Results of work done in the laboratory confirmed the presence of BBTV in
all symptomatic plant samples analysed while only one asymptomatic sample tested positive for
BBTV. Of the common banana cultivars grown in Zambia none showed resistance, although the
level of susceptibility varied among them. Landraces showed low levels of susceptibility in
comparison to the improved cultivars. Disease incidences were significantly different at P< 0.05
with average means ranging from 1 — 31.8%. The Presence of the Banana Bunchy Top Virus

vector (Pentalonia nigronervosa Cog) was also confirmed in the field.
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CHAPTER ONE
1.0. INTRODUCTION

Banana (Musa spp.) is one of the most important fruit crops in Zambia. Its production
contributes significantly to food security and employment creation in both rural and urban
areas. Banana cultivation thus contributes to the fight agains'; poverty. The average yield of
bananas for most small scale farmers in Zambia between 1993 and 2003 was reported at
3,182Kg/ha (FAO, 2004), with no report on commercial banana production. However,

Zambia has potential to produce as much as 31,700 to 61,200 Kg/ha of bananas annually.

Present day bananas are a cross between Musa acuminata Colla and Musa balbisiana Colla

species, which are believed to have originated in Malaysia and India respectively.

The best altitude for banana production is between sea level and 1800 metres (Ngeze and
Gathumbi, 2004). Fertile, well drained soils with rainfall of 1000 mm to 1800 mm per annum
are needed to achieve best yields. The optimum temperature for banana plants is between
25.5° C and 30.5° C. Being a tropical/ subtropical crop, temperatures below 16.5° C result in

stunted growth.

The banana plant is a monocotyledonous, perennial-herbaceous plant belonging to the family
Musaceae. It is composed of an above ground and underground stem. The above ground stem
which is succulent and juicy bears leaves and inflorescence, while the underground stem, also
known as a corm, bears roots. The banana inflorescence is covered with bracts which produce
rows of female flowers and undeveloped male flowers. The fruits usually develop without
fertilization, a term referred to as parthenocarpy. Propagation is vegetative by use of suckers

or multiplication of disease free planting material through tissue culture. A fruit bunch is
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harvested every nine (9) months, although this is dependent on the variety and management.
The Pseudostem is always destroyed after the bunch is harvested. Commonly cultivated
bananas are triploid in nature and are usually represented by AAB and ABB and have 2n = 3x

= 33 chromosomes.

Bananas are available throughout the year in Zambia and are mainly taken as a dessert fruit
belonging to the AAA triploid group. When ripe, a banana fruit contains 20% sugar, 3%
protein, and small amounts of vitamins A, B, C, D and E. The fruit is also rich in potassium

(K), Calcium (Ca), Iron (Fe), Sodium (Na) and Phosphorus (Chandler, 1995).

Bananas contain three natural sugars in the form of Sucrose, Glucose and Fructose. These
simple sugars form carbohydrates which are a source of energy for the human body

(Wardlaw and Kessel, 2002).

The banana fruit being a source of plant protein entails that it is important for tissue growth in
human beings. When protein intake is inadequate but total caloric intake is sufficient, a

condition referred to as kwashiorkor may occur (Balch and Balch, 1997).

Vitamins are chemical compounds that are required for normal growth and metabolism.
Vitamin A (Beta- Carotene) is very important as it affects bones, eyes, hair, immune system,
skin, soft tissues and teeth. Deficiency leads to allergies, loss of appetite, blindness, colds and
insomnia among other things. Vitamin B is very important for body cells, eyes,
gastrointestinal tract, hair, liver, mouth and nervous system. Deficiency symptoms include
anemia, appetite loss, bad breath, depression, fatigue and hypertension. Vitamin C affects the

adrenal glands, blood, bones, capillary walls, cells, heart, nervous system and teeth. Vitamin



C deficiency leads to anemia, bleeding gums, breath shortness, low infection resistance, stress

and capillary wall ruptures (Harper, 1999; Balch and Balch, 1997).

Vitamin D affects the bones, heart, kidneys, nervous system, skin, teeth and thyroid gland.
Inadequate intake of vitamin D leads to brittle and fragile bones, burning in the mouth and
throat, diarrhoea, insomnia, irregular heartbeat, low blood calcium, rickets, soft bones and

sensitivity to pain (Balch and Balch, 1997).

Vitamin E affects the arteries, blood vessels, heart, lungs, nerves, pituitary glands and skin.
Its deficiency leads to enlarged prostate gland, A gastrointestinal disease, dry or falling of

hair, impotence, muscle weakness and slow tissue healing (Balch and Balch, 1997).

In terms of minerals Calcium in bananas is very important for the maintenance of electrolyte
balance in the body and also essential for bones. It is an essential mineral for overall health.
Potassium on the other hand is important for blood, endocrine/digestive and nervous systems,
heart, kidneys and muscles. Deficiency of potassium leads to constipation, continuous thirst,

decreased blood pressure, dry skin, insomnia and hair problems (Harper, 1999).

Tron is essential for blood, bones, metabolic system, muscles, nails, skin and teeth. Deficiency
symptoms include breathing difficulties, brittle nails, dizziness, anemia and sore or inflamed

tongue (Morrison and Hark, 1999).

Sodium affects the lymphatic system, blood, muscles and nerves. Its deficiency leads to
appetite loss, cramps, decreased resistance to infections, eye disturbances, fatigue, intestinal

gas and vomiting (Morrison and Hark, 1999).

Finally, on the minerals, Phosphorus affects the bones, brain cells, circulatory and digestive

system, eyes, liver, muscles, nerves and teeth. Its deficiency leads to bone pain, fatigue,
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irregular breathing, nervous disorders, tooth problems, appetite loss, heart and kidney

problems (Subar, 1998).

Despite all this importance attached to the banana fruit, its production in Zambia has declined
over the years thereby failing to meet the increasing demand. This decline is partly due to
pests and diseases, inter alia. Diseases caused by fungi are among the most important
diseases of banana. Viral diseases rank as the second most serious problem which limits
banana cultivation (Hadidi et al., 1998). However, unlike fungal diseases, where chemical
methods of disease control are successful, control of viral diseases is much more problematic.
Viral infections of banana can generally cause losses of up to 30%, and occasionally up to 50

— 80% (Fraser, 1990).

There are four significant diseases of bananas that are caused by viruses. Banana Bunchy Top
Disease (BBTD) is the most devastating and can cause total crop loss if early diagnosis and
stringent sanitation is not practised. Other virus diseases include Banana Mosaic Virus
(BMV), Banana Streak Virus (BSV), and Cucumber Mosaic Virus (CMV), (Jones, 2002;

Ploetze et al., 2003).

The presence of Banana Bunchy Top Disease has been suspected in banana growing areas of
Southern, Copperbelt, Eastern, Luapula and Lusaka provinces of Zambia. Most farmers in
Southern, Copperbelt and Lusaka provinces grow bananas on a commercial basis. In the other
parts of the country, bananas are grown mostly on small family farms or traditional gardens

located in wetlands or along streams.

The literature reviewed so far indicates that no research work has been done on the

geographical distribution, prevalence and incidence of the virus causing Banana Bunchy Top



Disease in Zambia. Knowledge of the geographical distribution and prevalence of the disease
can assist in the development of control measures like introduction of quarantine practices
which can prevent the spread of the disease in Zambia. Disease incidence results can help
plant inspectors to identify severely affected areas and prevent the movement of germplasm

from such areas to non-affected areas in the country.

The overall objective of the study was to determine the prevalence and geographical
distribution of Banana Bunchy Top Disease (BBTD) in major banana producing areas of

Zambia. The specific objectives were to:

i To assess the incidence of banana bunchy top disease in major banana growing areas of

Zambia

ii. To confirm presence of the BBTV vector Pentalonia nigronervosa Coq in sampled fields.



CHAPTER TWO

2.0. LITERATURE REVIEW

2.1. History and Geographical Distribution

The origin of Banana Bunchy Top Disease (BBTD) is not known with certainty. However,
there is evidence to show its existence in Fiji in 1889 (Magnaye and Valmayor, 1995). Many
Fiji plantations were abandoned by 1894 because of the severity of the infection, leading to
the Island’s banana export industry being threatened (Wardlaw, 1972). Exports fell from
788,000 bunches in 1892 to just 114,000 bunches in 1895 (Magee, 1953). The disease was
subsequently reported in 1900 from Taiwan (Sun, 1961) and in 1901 from Egypt (Magee,
1953). This disease has also been reported from Sri Lanka and Australia around 1913
(Gowen, 1995). It is believed that Banana Bunchy Top Disease was introduced into Australia
and Sri Lanka through infected banana suckers brought in from Fiji (Magee, 1927 and
Wardlaw, 1972). By 1927, Magee reported that the disease incidence in Australia was in the
range of 5 — 90%, although it has since been controlled through the implementation of strict
phytosanitary control measures and government legislation (Harding et al., 2001). In 1940,
the disease was reported from India where it may have been introduced into Southern India
from Sri Lanka (Magee, 1953). Interestingly, a very similar disease, abaca bunchy top disease
in abaca (Musa textilis) was recorded in the Philippines in 1910 (Ocfemia, 1926). However,
banana bunchy top disease was not recorded in the Philippines until 1960 (Castillo and
Martinez, 1961). Vietnam was also affected by BBTD in 1968 (Vakili, 1969). Doon, (1995)
later reported of the spread of the disease to Sarawak in Borneo of Malaysia. The disease has
also been reported from Pakistan where damage recorded in some districts was more than

60% and production declined by 90% (Soomro ef al., 1992). According to Hu et al., (1993)



and Ranasingh (2007) this disease has also been reported from China, Hawaii and Myanmar.
Thomas and Iskra-Caruana (2000) and Pillay (2005) reported the occurrence of this disease
from Angola, Burundi, Central African Republic, Congo, Democratic Republic of Congo

(DRC), Gabon, Malawi and Rwanda (Thomas and Iskra-Caruana, 2000).

2.2. Symptomatology

The symptoms of Banana Bunchy Top Disease (BBTD) are quite distinctive and not likely to
be confused with any other disease (Wardlaw, 1972). Symptoms may become apparent at any
stage of plant growth. In severely infected banana plants, the leaves are typically bunched
together at the apex (Figure 3), forming a congested rosette and hence the name “bunchy top”

disease (Gowen, 1995).

Initial symptoms consist of dark green streaks in the veins of lower portions of the leaf
midrid, petiole base and the pseudostem (Harding et al., 1993). This symptom is also referred
to as “Morse Code Streaking”. This is due to the irregular streaks which resemble a series of
breaking “dots” and “dashes”. Infected leaves become stunted and chlorotic at the margins
(Gowen, 1995). The leaves of infected plants become brittle in texture and the petioles are
incompletely elongated. Severely infected plants do not bear fruit, and if fruits do develop,
they are severely distorted, stunted and sometimes twisted or deformed and of little
commercial value (Ranasingh, 2007). The lower hands of the bunch in infected plants often
die off (PANS, 1977). Suckers that develop from infected “Mother” plants are also infected,
indicating that the virus becomes widely distributed in the growing tissues (Figure 4). Magee
(1953) noted that there are differences in disease symptoms shown by daughter suckers and

plants infected from an outside source.



2.3. [Economic Impact

Despite Banana Bunchy Top Disease being widespread in Asia and the South Pacific regions,
there are no accurate estimates of the international economic impact. In most cases, the
incidence of the disease is not well documented (Dale and Harding, 1998). However, Fiji,
Australia, Pakistan and the Philippines can be used as examples where this disease has been

well studied and has caused serious economic losses.

In the Islands of Fiji, the banana export industry began in 1877 with shipments of 3,100
bunches. Production rose to 359,000 bunches in the course of ten years; a peak being reached
in 1892 with exports reaching 788,000 bunches. But with the outbreak of Banana Bunchy

Top Disease three years later, banana export declined to 147,000 bunches (Wardlaw, 1972).

Banana Bunchy Top Disease was first recognized in Australia in 1913 and spread rapidly in
the plantations on the border between the states of Queensland and New South Wales (Dale
and Harding, 1998). By 1926, 90% of the original banana plantations in New South Wales
were out of production (Wardlaw, 1972). Output fell from 460,000 cases of bananas in 1922
to 140,000 cases in 1925 (Dale and Harding, 1998). In the Currumbin district of South East
Queensland, the number of banana plantations fell from 100 in 1922 to 4 in 1925 and
production fell from 4,400 tonnes to 110 tonnes in the same period (Dale, 1987). In
describing the devastating effect of the disease at the time, Magee (1927) reported of how
difficult it was for someone, who had not visited the devastated areas, to visualize the
completeness of destruction wrought in such a short time. Dale and Harding (1998) reports
that the drastic impact on production was most certainly due to banana bunchy top disease

alone. However, It is interesting to note that currently, due toa scheme of control based on



inspection, eradication and replanting with disease free material, this disease has been

reduced to a minor one ( Magee, 1953 and Wardlaw, 1972).

Similar losses due to Banana Bunchy Top Disease have been recorded in Pakistan where it
was first recorded in 1988 in Sindh Province (Khalid ef al., 1993). Approximately, 60%
reduction in production occurred. From 23,500 hactarage under banana production in 1988 it
fell to 8,000 hactares in 1992 (Dale and Harding, 1998). This reduction was attributed to

Banana Bunchy Top Disease (Khalid and Soomro, 1993).

In the Philippines and Vietnam the disease was so widespread that disease incidence in small

holdings rose considerably to about 50% (Dale and Harding, 1998).
2.4. Aectiology and Epidemiology

Difficulties have been experienced in establishing the aetiology of Bunchy Top Disease
(Gowen, 1995). This is because Banana Bunchy Top Virus was initially thought to be a
Luteovirus (Mathews, 1982). This was based on the fact that the disease showed many
characteristics of luteovirus infections such as not being sap transmissible, the persistent
manner of transmission by aphids and induced phloem damage in infected plants (Dale and
Harding, 1998). Subsequent evidence supported this theory. Dale et al., (1986) successfully
extracted dsSRNA from Banana Bunchy Top Disease infected plants that was not present in
non diseased plants and the electrophoretic pattern of this dsRNA was similar to the
electrophoretic patterns of dsRNA extracted from plants infected with known luteoviruses.
Iskra et al., (1989) purified 28 nm isometric virus-like particles from plants infected with
Banana Bunchy Top Disease. In contrast, Wu and Su (1990) purified 20-22 nm isometric

virus like particles from infected plants and reported that these particles contained ssRNA of



about 6.0 kb. They described these particles as those of a small luteovirus and generated

monoclonal antibodies for the detection of these particles (Dale and Harding, 1998).

However, it is now known that Banana Bunchy Top Virus is an isometric virus which is
phloem limited and has a genome comprising of at least six different components of circular
single stranded DNA (BBTV DNA -1 to -6) ranging in size from 1018 to 1111 nucleotides
(Wu and Su,1990; Harding et al., 2001; Burns ef al., 1994). This was proved when Harding et
al., (1991) and Thomas and Dietzgen (1991) purified 13- 20 nm isometric virus like particles
from infected plants using modifications of the method of Wu and Su (1990) and Dale and

Harding (1998).

Banana Bunchy Top Virus belongs to the Nanovirus group and is a member of the genus
Babuvirus of the Nanoviridae family (Amin et al., 2008). It has 18-22 nm isometric virions,
a multicomponent ssDNA genome with a relative molecular mass of 2.0 X 106 and a coat
protein sub unit with relative molecular mass of 20,000 (Thomas et al., 2001 and Ranasingh,

2007).

Harding et al., (1993) reported the sequence of the first component of the Banana Bunchy
Top Virus genome. The component was shown to be circular ssDNA and 1.111kb (Dale and
Harding, 1998). It contained a potential stem-loop structure, the loop sequence of which was
almost identical to the invariant loop sequence of geminiviruses (Lazarowitz, 1992 and Dale

and Harding, 1998).

The Bunchy Top Virus of bananas is disseminated in vegetative propagules through the
movement of infected plants from one place to another (Gowen, 1995). But most importantly,

it is spread from plant to plant by an aphid “Pentalonia nigronervosa Coq” which feeds on
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infected plants and later transmits the virus to healthy banana plants (Magee, 1927, 1940,
1953 and Thomas et al., 1994). Aphids are usually involved in short distance movement
while diseased planting material is responsible for both short and long distance movement of

the disease (Dale and Harding,1998).

Most of the epidemiological studies on Banana Bunchy Top Disease have been done in
Australia. Allen (1978) reported that from an initial focus of infection the mean distance of
new infections, presumably resulting from aphid infections, was 17.2 metres with 70% of
new infections within 20 metres and 99% of new infections within 86 metres. Allen and
Barnier (1977) found that when a new disease free plantation is set up, there is a chance of up
to 88% getting the disease if it is located adjacent to a disease infested plantation. However,
this dropped to a 27% probability if the nearest infected plantation was 50 to 1000 metres

away (Dale and Harding, 1998).

The only confirmed hosts of the Banana Bunchy Top Disease are species within the genus
Musa (M. acuminata, M. balbisiana and their hybrids, Fei bananas) and Ensete ventricosum,
all members of Musaceae (Magee, 1927 and Dale and Harding, 1998). It is important to note
that there is no known commercial cultivar of banana and plantain which has shown to be
immune or highly resistant to Banana Bunchy Top Disease. However, variations do exist
between cultivars in the rate of infection and the severity of symptoms (Magee, 1927, 1948
and Jose, 1981). The Dwarf Cavendish variety is very susceptible, much more so than some
of the taller varieties (Wardlaw, 1972). Musa ensete, an African variety, is also susceptible to

Banana Bunchy Top Disease (Magee, 1953).
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2.5. The Aphid Vector

No other aphid, apart from the “Pentalonia nigronervosa Coq”, is known to transmit Banana
Bunchy Top Virus (Magee, 1927). Hafner ez al., (1995) reported that the Banana Bunchy

Top Virus does not replicate inside the aphid vector.

The banana aphid is present worldwide where bananas (Musa spp.) are grown. Besides
bananas, the banana aphid infests many tropical and subtropical plants which include Alpina
purpurata (floral red and pink ginger), Xanthosoma (ape), Cardamon, Heliconia and
tomatoes (Waterhouse, 1987 and Zimmerman, 1948). However, Xie et al., (1996) reported

that ginger is not a host of BBTV.

Like most aphids, the banana aphid is a phloem feeder that uses its long stylets to pierce plant

tissue to suck the sap directly (Wardlaw, 1972).

Reproduction in the banana aphid is entirely parthenogenetic (without mating). The life cycle
(nymph to adult) is completed in 9 to 16 days. The nymphs are more efficient vectors than
adults (Magee, 1930).The virus is retained for at least 13 days after aphids have fed on an
infected source and persists through the moult (Wardlaw, 1972). There is no egg stage,

meaning that young ones are born live (Waterhouse, 1987).

Aphids may be spread throughout the plantation or a banana district by contact transfer from
plant to plant in the same or adjacent rows; by movement of aphids over the soil; by the flight
of winged individuals; by movement of aphid infected suckers; by translocation of aphid
infected soil on the tools and on clothes of workers during cultural and harvesting operations

(Magee, 1927 and Wardlaw, 1972).
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The aphid colonies occur in the heart (croWn) of the banana plant and between the
pseudostem and the leaves, the conditions there being ideal for feeding and protection
(Wardlaw, 1972). Throughout the greater part of the year, colonies consist of wingless
females but later on develop wings and migration begins. This information helps to
understand how new outbreaks may occur in isolated and protected areas planted with

uninfected material (Wardlaw, 1972).
2.6. Ecological Relationship

Bunchy Top Disease is known to occur under tropical, subtropical and temperate conditions
indicating that climatic factors have little influence on its incidence and development.
However, seasonal fluctuations have a marked effect (Wardlaw, 1972). In summary, the most
favourable conditions for the development of Bunchy Top Disease are periods of rain during

the summer months.
2.7. Disease and Virus strains

The available evidence shows that there are different strains of Banana Bunchy Top Disease.
For instance, Abaca Bunchy Top Disease in abaca (Musa textilis) was recorded in the
Philippines in 1910.This disease was very similar to Banana Bunchy Top Disease in terms of
biological properties, symptoms and transmission (Dale and Harding, 1998). However,
Banana Bunchy Top Disease was not recorded in the Philippines until 1960. Ocfemia and
Buhay (1934) could not transmit Abaca Bunchy Top Disease to bananas whereas Magee

(1927) successfully transmitted Banana Bunchy Top Disease to abaca.

Karan et al., (1994) worked on Banana Bunchy Top Virus isolates from 10 countries by

sequencing and comparing their DNA component 1. It was found that there were two groups
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of isolates, the Asian group (Taiwan, Philippines and Vietnam) and the South Pacific group
(Australia, Burundi Egypt, Fiji, India, Tonga and Western Samoa). Two groups of isolates
were also confirmed on Banana Bunchy Top Virus DNA component 2 to 6 (Karan, 1995).
Dale and Harding (1998) believe these two groups represent the two groups of strains of

Banana Bunchy Top Virus.

2.8. Control of Banana Bunchy Top Disease

Even though there are a number of control measures for Banana Bunchy Top Disease, it still
continues to be a major limitation to banana production in some regions (Dale and Harding,

1998). Some of the control measures include:-

2.8.1. Prevention

Though Banana Bunchy Top Disease is widespread, it has not been reported from the
Americas. This is the reason why the International Plant Genetic Resources Institute (IPGRI)
and the Food and Agriculture Organization of the United Nations (FAO) have developed
extensive recommendations on the movement of banana germplasm and planting material
between regions (Frison and Putter, 1989). Where possible, the primary recommendation is
that Musa germplasm be moved only as in vitro plantlets. However, Drew et al., (1989)
demonstrated that Banana Bunchy Top Disease could still be transmitted through plantlets in
vitro when these plantlets are derived from diseased plants although, symptoms at this stage

may not be evident.

Therefore, it is important that accurate and intensive diagnostic methods are employed to test
in vitro material besides using visual symptoms before plantlets are released into non-

infected areas (Dale and Harding, 1998). Wu and Su (1990) generated a range of monoclonal
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antibodies that can be used in ELISA, while Thomas and Dietzgen (1991) developed both
monoclonal and polyclonal antisera for the detection of banana bunchy top virus using
ELISA. Harding et al., (1991) also developed a DNA probe for the detection of Banana
Bunchy Top Virus DNA component 1 using either dot blot or southern blot analysis. Karan et
al., (1994) developed a range of oligonucleotide primers for the amplification of all known
sequence variants of Banana Bunchy Top Virus DNA components (Burns et al., 1995; Karan,
1995 and Dale and Harding, 1998). Preventative measures such as stringent quarantine
procedures, when adopted and carefully practised, have potential to reduce the risk of further

dissemination of bunchy top virus (Gowen, 1995).

2.8.2. Virus free planting material

It is possible to provide large quantities of virus tested banana germplasm, with the advent of
in vitro propagation and the availability of a range of sensitive and specific Banana Bunchy
Top Virus diagnostic methods (Dale and Harding, 1998). Another method is through official
inspection and certification schemes where disease-free plantings are identified as suitable
sources of propagation material (Gowen, 1995). The only challenge with both approaches is

to ensure the production of the required large quantities.

2.8.3. Resistant Cultivars

There have been reports of resistance in some varieties though they are not completely
immune to the disease. Jose (1981) tested a range of banana cultivars and found that
Kanchikela and Venattukunnan belonging to the balbisiana type (BB and BBB) were most
resistant. Under experimental conditions neither plants were immune, but fewer plants

became infected with Banana Bunchy Top Virus compared to the Gros Michel and many
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other varieties of the acuminata group with AA or AAA genomes (Dale and Harding, 1998).
This means that there is a possibility of selecting cultivars that can potentially slow the

progression or reduce the incidence of the disease.

The differences in susceptibility to infection provide a scope for breeding a Banana Bunchy
Top Virus resistant or tolerant variety. However, this is only possible when a suitable source
of resistance is identified in a cultivar (Gowen, 1995 and Dale and Harding, 1998). However,
work has been slow in this area and so far no immune variety has been identified. Dale
(1987) also considers the possibility of use of biotechnology techniques to develop
genetically engineered forms of resistance which can eventually play an important role in the

control of the disease.
2.8.4. Vector control

Applications of insecticide to decrease the aphid population can be used to restrict the spread
of Bunchy Top Virus (Gowen, 1995). However, other problems accompany the use of
insecticides such as toxicity to consumers and operators, expense and harmful environmental

effects.
2.8.5. Inspection and Roguing

Regular inspection of plantings and early eradication of diseased plants is an effective and
important strategy for control of Banana Bunchy Top Disease (Dale and Harding, 1998).

However, this requires knowledge and ability to diagnose the disease from early symptoms.
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2.8.6. Transgenic Resistance

Transgenic virus resistance, based on virus- derived transgenes, has been widely
demonstrated to be an effective strategy for the control of plant viruses (Dale and Harding,
1998). This strategy can specifically work for bananas as there is no known variety that is
immune to Banana Bunchy Top Disease and conventional banana breeding programs have
yet to prove effective (Dale, 1990). May ef al., (1995) and Sagi e} al., (1995) have reported of
the regeneration of genetically transformed bananas. May et al., (1995) transformed the
variety Grand Nain using Agrobacterium - mediated transformation while on the other hand
Sagi et al., (1995) were able to transform the cultivar Bluggoe with the use of microprojectile
bombardment. Six ssDNA components have been sequenced (Burns ef al., 1995; Harding et
al., 1993 and Xie and Hu, 1995). This work should lead to the Banana Bunchy Top Virus
derived resistance genes being incorporated into bananas which can hopefuliy result in

Banana Bunchy Top Virus resistant transgenic bananas (Dale and Harding, 1998).
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CHAPTER THREE
3.0. MATERIALS AND METHODS

3.1. General features of study area

A survey was conducted in Zambia’s major banana growing regions during the period of May
to October, 2009. A total of 15 districts were sampled wh{ch are spread out over five
provinces of Zambia and different agro-ecological regions (Figure 1). The selected provinces
were Copperbelt, Eastern, Luapula, Lusaka and Southern Provinces (Figure 2). On average,
more than 40% of a province was sampled bearing in mind the status of banana production in

a particular district of a chosen province.

Kitwe, Masaiti, and Ndola districts were covered in Copperbelt Province while Nyimba,
Katete and Chipata distrcts were picked in Eastern Province. Luapula Province had Mansa,
Mwense and Kawambwa. In addition to this, Lusaka and Kafue districts of Lusaka Province
were surveyed, with Chiawa farmers being grouped together with Kafue farmers due to
proximity reasons. The last province tackled was Southern province with Choma, Mazabuka,
Monze and Siavonga districts. The selection of individual provinces was done with the help
of the Department of Agriculture and the Zambia Agriculture Research Institute of the
Ministry of Agriculture and Cooperatives. Provincial Agricultural Officers later on assisted
with the selection of major banana growing districts in a province. Individual Farms in each

district were then randomly selected.
3.1.1. Zambia’s agro-ecological regions

7ambia has three different agro-ecological regions namely regions I, Il and 11T (Figure 1).
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3.1.1.1. Regionl

Chiawa, Nyimba and Siavonga districts are found in region L. This region is characterized by
major valleys such as Gwembe, Lunsemfwa and the Luangwa valleys, which lie between 300
and 900 metres above sea level. Other areas of region I include the Southern parts of Western

and Southern Provinces with elevation between 900 and 1200 metres.

Region I has the shortest growing season with low mean annual rainfall which does not

exceed 800 mm and more prone to droughts in comparison to other parts of Zambia.

Relatively high temperatures are characteristic of region I, with mean daily temperatures that
may vary from 20° C to 25° C and be sometimes as high as 38° C in July. However, winters
can be very cold with severe frosts expected in the southern parts of Western and Southern

Provinces.
Region I soils are slightly acidic to alkaline with minor fertility limitations.
3.1.1.2. Region I1

Lusaka, Choma, Mazabuka, Monze, Kafue, Chipata and Katete districts are in region II. This
region is characterized by the Kalahari sand plateau with general elevation of 900 to 1300

metres above sea level.

The amount of rainfall received in this region is between 800 and 1000mm which is generally

well distributed.

Mean daily temperatures range from 23°C to 25° C with maximum temperatures reaching 32°
C in October. Low temperatures of about 10° C are experienced in this region in July. Soils of

region II have slight to severe chemical and physical limitations to crop production.
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3.1.1.3. Region Il

Of the surveyed area, Mansa, Mwense, Kawambwa, Masaiti, Ndola and Kitwe fall under
agro-ecological region III. This region is characterized by altitudes ranging from 1100 to
1700 metres above sea level. Region III receives mean annual’rainfall exceeding 1000mm.
Mean monthly temperatures vary from 16° C, while mean temperatures in the cold season
averages about 18° C with the exception of a few places which experience frost problems

averaging 17 days per year.

The soils in this region are generally highly weathered, leached and characterized by low pH

of less than 4.5, which are often toxic to plant growth.
3.2. CONDUCT OF STUDY

Selection of Provinces and Districts for the survey was based on information obtained from
Department of Agriculture and the Zambia Agriculture Research Institute of the Ministry of
Agriculture and Cooperatives pertaining to banana production. Areas chosen had both local
and improved cultivars of bananas grown by both small holder and commercial farmers. In
the sampled areas, all the districts were accessible by road. Individual farms/homesteads were
randomly selected within the district and the distances varied from province to province and

ranged from 10 — 70 Km apart.

Global Positioning System (GPS) data was used to determine the altitude, latitude and
longitude data and this information was used to produce a map showing the whole surveyed

area as shown in Figure 2.
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Source: Soil Survey, Mt. Makulu Chilanga
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Figure 2. Map of Zambia showing study area of Banana Bunchy Top Disease Survey.
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3.3. DATA COLLECTION AND ANALYSIS
3.3.1. Interviews .

Seventy five farmers, both small scale and commercial farmers, were interviewed using a
questionnaire (Appendix 1) in the fifteen districts which were surveyed. Responses from
farmers were analysed using the Statistical Program for Social Sciences (SPSS) program

version 16.

The respondents were randomly selected and there was no bias towards age, gender, farming
system, farming experience, varieties grown or wealth. Each farmer was expected to give
information pertaining to general banana production with specific emphasis on agronomic/
management practices, importance of bananas in comparison to other crops grown,
knowledge of banana pests/diseases and finally if they knew anything about Banana Bunchy

Top Disease and its vector Pentalonia nigronervosa Coq.

During the interview, the farmer was not told that the focus of the research was Banana
Bunchy Top Disease so as to get as much information as possible on the farmer’s knowledge

on the disease and its vector.
3.3.2. Disease Incidence

For the purpose of recording disease incidence, twenty five (25) plants per block of banana
field were randomly ear marked diagonally (Rao et al., 2002). Infected plants were identified
and marked based on typical Banana Bunchy Top Disease visual symptoms. These symptoms
included short, erect leaves and severe rossetting with a bunchy top appearance (Figure 3).In

addition to this, there were dark green dot-dash spots and streaks on leaf laminae and
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pseudostem (Figure 5) with leaves showing excessive brittleness. These are classical

symptoms of banana bunchy top disease (Magee, 1939).

The disease incidence for each farm was calculated using the formula by Gibbs (1983) and

Allen et al.,(1983) as shown below.
Disease Incidence (%) = (Number of infected plants/Number of plants selected) X 100.

Disease Incidence data obtained was tested for homogeneity of variance before analysis. The
data was later on transformed to arcsine values as described by Gomez and Gomez (1984).
The transformed data was then subjected to analysis of variance (ANOVA) using Genstat
Statistical Programme 11" Edition (Payne et al., 2008). The experimental design used was
completely randomized design (CRD) with districts being treatments while individual farms
were used as observations (Gomez and Gomez, 1984). The number of farms selected per

district was not equal because some districts had more banana growers than others.

Samples of the BBTV vector, Pentalonia nigronervosa Coq were collected from some fields
and photographs taken as shown in Figure 6. Later on laboratory analysis and identification

was done at Mount Makulu Research Station.
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