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ABSTRACT

Two major banana growing regions namely Meru disffAltitude: 1050 Masl,
06' 34S, 03%6' 23 E) and Kilifi (17 Masl 03'4S 0" 039° 40' B district) were
identified as sampling sites for banana plants doubed for endophytic fungi
isolation. Healthy appearing plants in heavily stézl fields were sampled for
endophytic fungi isolation. Endophytic fungi wesmlated from the plant roots,
the corm, pseudostem and the pseudostem basealfota?,455Fusarium spp
isolates were isolated from the two regidfgsarium oxysporum species was the
most prevalent endophytic fungi from banana rooi$ eorm. They constituted
15.5% and 44.6% of all fungal isolates from Merud aNilifi districts,
respectively. Twelve isolates belonging Fo oxysporum were selected foin
vitro bioassays against two major species of bananaifp@nasmatodes in the
two regions namelyratylenchus goodeyi and Helicotylenchus multicintus. The
selected species of the endophytic fungi were redtun Potato Dextrose Broth
(PDB) media for seven days. Fungal filtrates frdme twelve isolates were
obtained after sieving and centrifuging the PDB me®ne millilitre of the
fillrate was used for each treatment consistingooé hundred nematodes
suspended in 1 ml of distilled sterile water inrigge5ml Bjorn bottles. Each
treatment was replicated three times and the exjeati laid out in complete
randomised design. Mortality and paralysis weremed after 3, 6 and 24 hours
time intervals. Corrected mortalities were caloedatising Abbott’'s formula. The

mortality significantly (p<0.0001) varied with thigme of exposure. Culture
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filtrates of F. oxysporum isolates significantly (p<0.0001) differed on thei
mortality effects to the nematodes. Out of theltttateen endophytic isolates
from Meru district, five isolates produced consigtmortalities and paralysis to
both P. goodeyi and H. multicinctus. These isolates included 5JTOC134,
5SOPB11, 4M0C321, 4SIC132 and 5MR11. Similarly fiuagal isolates from

Kilifi district which demonstrated consistency iausing mortality and paralysis
were 7MIC334, 8SIC334, 11MOC143, 11SR23 and 11MGC3he isolates

demonstrated potential biological activity agaitisé major banana parasitic
nematodes, and can further be investigates asdnalocontrol agents against

these nematodes.
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CHAPTER 1

1.1 GENERAL INTRODUCTION

Banana fusa spp.) is one of the world’s most important cropss@n et al.,
1998). It is the world’s third important starchpgke food after cassaviénihot
esculanta Crantz) and sweet potattp@mea batatas (L.) for millions of people

in developing countries of the tropics (INIBAP, 199ITA, 1998). The total
world production ofbanana is estimated at around 97 million tonnesyto€h
approximately one third is produced in subsistdacas in Africa (Frisoret al.,
1998; FAOSTAT, 2006). Bananas are mainly consumaaegtically with an
annual per capita consumption@g0 kgin theEast African Great Lakes region,
which is the highest in the worlgroviding more than 25% of the total calories

consumed (INIBAP, 1991).

Modern banana and plantain originated in the Sasth&sia and western Pacific
regions (Simmonds, 1959; Haarer, 1964; Simmond§6;1®Robinson, 1996).
They belong to the genudusa (Stover and Simmonds, 1986l the edible
bananas and plantains are cultivars or clon@dush acuminata (A genome) and

Musa bulbisiana (B genome) (Stover and Simmonds, 1986).

The banana plant is a large herbaceous perennthl am underground stem

known as the corm, bulb or rhizome (Karugaba anthdfu, 1999). The corm



bears eyes on its middle and upper parts whichlovato suckers (Montcel,
1987). The leaf consists of three parts i.e. atbh@aenlarged petiole, a petiole,
and a lamina or blade. Leaf sheaths of successaae$ closely encircle each
other and form a cylindrical compact structure, ahhiis the pseudostem
(Swennen and Vulysteke, 2001). The inflorescencegdrom the terminal bud
of the corm, which develops and rises to the tophef pseudostem turning

downwards to form a bunch (Stover and Simmonds6)198

The root system, besides its importance in watelr rantrient uptake, provides
anchorage to the plant. According to Simmonds (.96 roots reach a depth of
between 15-60 cm. Due to its shallow root systeamabe by nematodes,
diseases, lack of soil fertility, soil compactiom mechanical damage may
jeopardise the survival of the plant (Karugaba Kimdaru, 1999). Banana grows
well at altitudes ranging from 0-1800 m, with anihw@anfall of at least 1000 mm

(Mbwanaet al., 1998).

In Kenya, an estimated 2% of the total arable lsndnder banana production,
predominantly grown by smallscale farmers (Seghal., 1998a; ISAAA, 2001).
Dessert cultivars, especially Cavendish and Grosshéll (AAA), are very
popular in the highlands of the Central provincastérn province as well as in
the coastal regions of Kenya (Seshal., 1998a). In western regions of Kenya,
the East African Highland (genome group ABB) cudty such as Matooke and

Mbidde are common (Sesletial., 1998a). Production is mainly characterised by



low input application, with no or limited use of gieides and fertilizers
(Swennen and Vulysteke, 2001). However, bananaugtah in Kenya has been
on a very rapid decline over the last two decattesatening food and income
security for millions of rural Kenyans as well asducing employment
opportunities in areas where the crop is grown (¥d&n 2005). Due to these
pests and diseases, the average banana yield yaKdémas reduced to 14 tonnes
per ha, less than one-third of the crop's potentiagler humid tropical conditions
(Karamura, 1998). Poor production has also beencadsd to lack of clean
planting material, coupled with poor knowledge Dbye tfarmers on the
technologies to improve yields as well as pestdiadase control. Results from
a survey conducted in Kenya to identify constraiotbanana production showed
that a complex of banana nematodesatylenchus goodeyi (Sher and Allen),
Pratylenchus coffeae (Goodey), Radopholus similis (Cobb) Thorne,
Helicotylenchus multicinthus (Cobb) GoldenMeloidogyne spp.) (Goeldi) were
common in many banana fields in Kenya (Seathal., 1998b). A similar survey
carried out in the year 1993 in Kenya, revealed Ehagoodeyi was the most
widespread nematode attacking both the exotic herdBEast African highland
bananas (Seshat al., 2006). Estimated worldwide losses due to plamnagtc

nematodes averaged 20% (Siketral., 2003).

Pests and diseases in banana plantations havebaféentransferred through the
use of infected planting materials. In a publicafappraisal of farmers in Kenya,

it was found that farmers get their planting matefiom relatives, neighbours,



parents and friends (Seshual., 1998b). Consequently, pests and diseases have

been transferred from one farm to the other.

Control of nematodes has been by use of cultur#hogs and use of nematicides
(Swennen and Vulysteke, 2001). Sucker selection @mndosanitary measures,
such as hot water treatment, have shown significantatode reduction but their
use by subsistence farmers worldwide has been elimi{Stanton, 1994).
Rotation-based control is not adequate enough docee nematode densities
below threshold levels due to increased land press(Sikoraet al., 2003).
Effective and commonly used nematicides are ambaggrochemicals that are
banned or restricted due to contamination of growmater, degradation of the
atmosphere and the health risk to farm workers @m$umers (Graham, 1991,
Mengechet al.,, 1995). Breeding for resistance to banana nemstageng
convectional methods has been faced with obstaslEh as low fertility,
triploidy and lack of genetic variability specifto the biology of the preferred
parthenocarpic cultivars (Swennen and Vulysteke€)120Efficient integrated
approaches to control banana nematodes that wiliaage of biological options

are needed (Kiggundat al., 2003).

Biological enhancement of tissue culture bananatigis with beneficial fungal
endophytes aimed at increasing plant resistancensighanana nematodes
infection has gained increased interest as annalige to the management of

these pest using pesticides (Pocasangre, 2000raS&m Pocasangre, 2004).



Endophytes are defined as organisms that live natlgr for all or at least a
significant part of their life cycle, either inteltularly or intracellularly, and
asymptomatically within plant tissues (Petrini, 19Wilson, 1995; Saikkonegt

al., 1998). Hundreds of fungal endophytes isolatese hlagen isolated from
apparently healthy banana plants growing in nenestodifested plantations

(Griesbach, 2000; Niere, 2001).

Due to the sterile conditions under which tissukuced plants are produced, the
emerging plantlets loose naturally beneficial micganisms such as endophytes
(Pereiraet al., 1999). Mutualistic fungal endophytes have beeopwsh to
biologically control plant-parasitic nematodes ahdnana weevils. Fungal
endophytes have been isolated from roots and rtezavh healthy banana plants
(Schusteret al., 1995a; Griesbach, 2000; Niere, 2001). Microorgjausi isolated
from a particular plant part in a specific enviremhare better adapted to pests
in that plant part, as well as that particular emwvment the plant was growing in
(Strobel and Daisy, 2003; Strobel, 2003). Thushsurganisms are postulated to
offer better biological control agents than orgargsoriginally isolated from

other crops.



1.2 PROBLEM STATEMENT

Banana production in Kenya has been on a rapidindedver the last three
decades (Wambuget al., 1999). This decline has threatened food security,
income generation and reduced employment to mdlioh rural Kenyans in
banana producing areas (Wanzala, 2005). The conhldffects of nematodes,
banana weevilsQosmopolites sordidus (Germar) (Coleoptera: Curculionidae)),
panama disease and black sigatoka have cut aveaagea yields on traditional
farms to 14 tonnes per hectare, less than one diitlde crop’s potential (IITA,
1998). A complex of nematodes and banana weeSilsgrdidus) have been
classified as the major threats to banana productwising a yield loss of up to
85% (Musambiyamat al., 1999). Traditional cultural practices in the gohof
both the nematodes and the banana weevil haveibefitient in maintaining
the pests below the economic threshold levels mgath this decline in banana
yields (Wambuguet al., 1999). Farmers transmit unknowingly most of the
banana pests and diseases through banana suckéch ate the major
propagation materials. Recently, there have be@memus scientific reports on
the development of resistance in pests againsictiogles and nematicides.
Besides, these chemical control measures againanbgpests have faced major
challenges including risks to consumers and enment, as well as high costs of
both procuring and application which is far beydhd reach of the majority of
the banana producers in Kenya who are smallholaendrs. As a result, the

situation demands better technologies for pestrabimt banana production. Use



of clean, disease and insect free planting masempabduced through tissue
culture helps in establishing clean plantationsweler, reinfestation of young
and vulnerable tissue cultured plantlets in pesftssied fields remains a great
concern (Pereirat al., 1999; Ayyadurakt al., 2005). Additionally, the axenic
nature of the tissue culture plants production gerntd eliminate the
microorganisms naturally associated with the pldRereiraet al., 1999). Some
of these microorganisms are known to have mutialigtiationship with the
plants, conferring pest and disease resistance &b ag improved plants
physiology. Re-introduction of these microorganis(@adophytes) into tissue
cultured plants in higher numbers than the natpmadicurring levels have been
shown to confer some benefits to the plants agafesit pathogens such as
nematodes. Therefore, tissue cultured plants emldandth fungal endophytes
provide a technology for sustainable banana proaludor Kenyan small scale

farmers hence increased yields and income.



1.3 JUSTIFICATION

The plant parasitic nematodes of banaRagpodeyi, P. coffeae, R. similis, H.
multicinctus, and Meloidogyne Spp.), banana weevilC( sordidus) have been
recognized as major constraints to banana produclibey may cause a yield
loss of up to 85% in bananas. The high costs omated control and labour
requirements of cultural control, favour the usentégrated pest management,
centred on biological control against these pé&sent research has documented
that mutualistic fungal endophytes (non- pathogédunitgi) control burrowing
nematodes and weevils that attack banana (IITA8L9terature has shown
that, there is lack of information on endophytemnfrtropical hosts, which are
more severely affected by pests and diseases. Sehefiendophytes in enhancing
tissue cultured bananas for biological control agaibanana weevils and
nematodes over chemical control offers promise fitccdn smallscale farmers.
Mutualistic fungal Endophytes use therefore willmaiat developing and
disseminating improved technology for sustainablenama production in

different ecological zones in Kenya and Africa, ridouting to poverty reduction.



1.4 OBJECTIVES

Broad objective
To isolate, identify, and screen endophytic fungbr- pathogenid-usarium
oxysporum) present within banana varieties in Kenfga antagonism against

Pratylenchus goodeyi andHelicotylenchus muticintus.

Specific objectives
I.  To isolate and identify endophytic fungi from baadissues sampled

from Meru and Kilifi districts in Kenya.

ii.  To screen production of metabolites frdfasarium oxysporum isolates
from the two sampling sites for antagonism aga#nstylenchus goodeyi

andHelicotylenchus muticintus underin vitro conditions.



1.5 REVIEW OF LITERATURE

1.5.1 Nematodes as banana pests

Plant-parasitic nematodes are soil-borne pestscage significant damage to
most if not all crops grown in the tropics and sapics (Sikoreet al., 2003). The
most damaging species of nematodes in bananashase involved in the
destruction of the primary roots, consequently catlywater and nutrient uptake

and plant anchorage, resulting in toppling ovethefplants (Luet al., 1990).

Bananas in East Africa are attacked by a complereofatodes which include
burrowing nematodesR&dopholus similis (Cobb) Thorne), the root lesion
nematode Rratylenchus goodeyi (Sher and Allen)) and the spiral nematode
(Helicotylenchus multicinctus (Cobb) Golden) (Gowen and Quénéhervé, 1990a;
Gold et al., 1993; Karamura, 1993; Speijet al., 1999). However, their
distribution depends on factors such as elevattmhtamperature (Sikora, 1992;
Bridgeet al., 1997; Seshet al., 1998b; Niere, 2001Radopholus similis andH.
multicinctus are the predominant species between 1000-1350 weasa level
(masl) (Kashaijat al., 1994) while at higher elevations and cooler terajpees

P. goodeyi is the predominant species (Speigeial., 1994). Mixed populations
occur at lower elevations. Cultivar, cropping syste farm management and

sources of planting material influence abundanageafiatodes (Sarah, 1989).

10



1.5.2 Status of banana nematodes in Kenya

In Kenya, a complex of banana nematodesy6odeyi, P. coffeae, R. similis, H.
multicinctus and Meloidogyne spp.) have been found to be common in banana
fields (Gichure and Ondieki, 1977; SesHual., 1997; Seshuwet al., 1998Db).
Surveys indicated that nematodes species and msngiried across the country
(Seshuet al., 1998b). The coastal region in Kenya has highersities ofH.
multicinctus and Meloidogyne spp., althoughP. goodeyi has also been observed
in cultivar Matooke in Kilifi. In central and weste Kenya (higher than 1000
masl) the lesion nematod® goodeyi was the dominant species. In Muranga
district, central Kenya, where coffee is being agpld with banand&. coffeae
was the dominant species of nematodes. Vihiga aetiMistricts, in Western
and central Kenya, respectively also showed highbers ofP. coffeae (Seshu

et al., 1998b; Seshat al., 2006).Rotylenchus clavicaudatus (Linford & Oliveira,
1940), Scutellonema spp., Criconema spp., Xiphinema spp., Hemicycliophora
spp. and a newrophorus spp. have also been recorded in banana plantaiions

Kenya (Sesheat al., 1997; Seshet al., 1998b).

1.5.3 Banana lesion nematodd(atylenchus goodeyi)

Pratylenchus goodeyi (Filipjev, 1934) is a migratory endoparasite of ttoet
cortex, with both sexes and all juvenile stagesdpénvasive (Lucet al., 1990;

Ferraz and Brown, 2002). The life cycle comprides ¢gg stage, four juvenile

11



stages (J;) and an adult stage (male and females) (Prelsad, 1999; Ferraz
and Brown, 2002)Pratylenchus goodeyi is diverse in pathogenicity with root
populations and associated damage varying greatbngMusa cultivars, while
differences also occur among geographic isolatesh(&e and Ondieki, 1977;

Bridgeet al., 1997).

A generation is completed within 4-6 weeks undétable conditions (Prasas
al., 1999). However temperature, soil type and hasttsl directly affect the life
cycle (Ferraz and Brown, 2002). Soil type also aerably influences species
distribution and population densities, with mostledPratylenchus spp. reaching
highest densities in light sandy soils (Ferraz Brmlvn, 2002). Females lay eggs
inside infested roots, but the eggs are subsequattased into the soil from the
decaying roots, where they hatch, and the newllméor second-stage juveniles

re-invade young roots.

Damages caused B goodeyi, are similar to those caused Rysimilis (Gowen
and Quénéherve, 1990a; Bridgeal., 1997) They enter the root, migrating
between and within the cells, feeding on the cyspl and eventually damaging
the cortical parenchyma cells of banana plant. iématode causes extensive
black or purple necrosis of epidermal and cortioal tissues, resulting in lesions
and snapping of roots. Necrotic lesions can alstobed on the corm (Bridget
al., 1997). The plants exhibit stunting, lengthenedetative cycles, a reduction

in number of leaves, bunch weight, and longevityd @aventual toppling over.
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Toppling of plants is higher in soils with low niiknal content (Bridgeet al.,
1997). Occurrence d@?. goodeyi in banana roots lesions has been correlated with
infection byFusarium oxysporum pv. cubense, the causal agent of Fusarium wilt

in bananas (Bridge et al., 1997).

The use of suckers from the same field or from meagring field is the main
source ofPratylenchus spp. infestation in banana fields (Gowen and Quérmnéh
1990b). Besides banandratylenchus spp. has a wide host range, including
grasses, and crops such as groundardchis hypogaea Linn) and sweet potato
(Ipomea batatas (L.) Lamb), which may be found in banana plantai¢Bridge

et al., 1997). Other examples of alternative host$tatylenchus spp. include
weeds such aslternanthera sessilis L., and Portulaca oleracera L. In Ivory
CoastP. coffeae is associated witAsystasia gangetica L., Amaranthus viridis L,
Commelina benghalensis L, Phyllanthus amarus L, solenostemon monostachys

L. and Borreria chartophyla L. (Gowen and Quénéhervé, 1990b). This
demonstrates that the nematode situation in Kesiyzoientially serious, where
banana production is carried out by smallholdersnired cropping systems
(Qaim, 1999a; Wambuggt al., 1999). Despite the use of clean planting material
the rates of reinfestations in the field may beaged by the presence of these

alternate hosts.

The presence dP. goodeyi in high populations damages about 50-70% of the

plant roots, eventually leading to loss of the rengilant after toppling (Machon
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and Hunt, 1985). Bridge, (1993) found that highl@adanas in Tanzania showed
39.5% necrosis due to attack By goodeyi and 37.5% necrosis in roots where

mixed populations oP. goodeyi andH. multicinctus were present.

1.5.4 Control of banana lesion nematodes

BecauseP. goodeyi andH. multicinctus have a wide host range, their elimination
from field soil prior to planting is very difficultHowever various methods have
been employed to try and reduce dissemination esdfestation into new fields.
Control of lesion nematodes in established comrakrbanana plantations
usually is accomplished using systemic nematicigdsch inactivate the
nematodes within the host tissue or in the soibfimited length of time (Sikora
and Pocasangre, 2004). Repeated use of nematl@delead to rapid microbial
breakdown in some areas, leading to an increageeinumber of treatments per
cycle (Sikora and Pocasangre, 2004). Fumigant neiched (primarily
halogenated hydrocarbons) are among the agricultbeamicals that are banned
or restricted due to contamination of ground watdegradation of the
atmosphere and the health risk to farm workersam$umers (Mengectt al.,
1995). The efficacy of the remaining nematicideschsas aldicarb (Temik),
carbofuran (Furadan), fenamiphos (Nemacur), oxafWyldate), ethoprophos
(Mocap), isazophos (Rugby), is compromised by a&cagtd microbial

breakdown (Sikora and Pocasangre, 2004).
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1.5.5.0 Cultural control strategies

In smallscale farmers’ fields, management of nenegois based on crop
rotation, which is rarely applied when traditiomalxed cropping systems are
being used (De Waele, 1992). Nematicides are gftehibitive for the small-
scale farmer, due to high costs, extreme toxicay mon-target organisms,
including the user, and the environment. To cuib groblem, cleaning of the
planting material is practiced, which involves comaring and hot water
treatment (at 54°C for 20 min) of the pared corByefjeret al., 1995a). Though
effective, the method has its constraints, suclaels of heating facilities and
most importantly, difficulties of maintaining watéemperatures at the desired

levels, resulting in the method not being widelppigd (Speijeet al., 1999).

Other management practices in the farms includeclmgy and manure
application, which improve the growth of the plaamd thereby deter the
influence of nematodes (Speijer al., 1999). A widely adopted post-planting
measure is the propping of the banana plants Hieffitschances of toppling or
snapping over in smallscale-holder farms (Nie@1). Nematode damage has
increased as a result of these changes and nemedtaded crop losses are
frequently associated with other biological or pbgbk plant stress factors
(Roberts et al., 1992). With phasing out of nematicides for ecoiworar
environmental reasons, new approaches to nematod&ok especially in

perennial crops are needed (Sikora and Pocas&fifi¢).
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1.5.5.1 Musa resistance to lesion nematodes

From an economic point of view, cultivars with past disease resistance offer
the most appropriate means to prevent crop losk®sever, up to date, there are
no lines of East Africa highland banana cultivarghwesistance to the lesion
nematodes (Niere, 2001). Research indicates thagafabi Km5 (AAA) appears
to be resistant t& similis (Fogain and Gowen, 1998). However, there has been
no confirmation of this resistance towards thedesiematodes in either screen
house or field conditions. Breeding for resistaagainst migratory endoparasitic
nematodes has been difficult, perhaps due to hagftscof maintaining a long
term breeding programme, combined with the low neindj§ plant breeders and
trained nematologists pursuing this goal (Pinoch®@85; Sagiet al., 1995; De
Waele, 2000; Tripathi, 2003a). Efforts to brebtlisa for disease and pest
resistance using classical breeding methods avgHtawith obstacles (such as
low sterility of most edible cultivars, triploidyack of genetic variability and
long-generation time) specific to the biology oftpreferred parthenocarpic
cultivars (Vuylsteke and Swennen, 1992; Tripatt002a). Complicating the
matter more, is the presence of different nemajmatbotypes of a nematode
species , which hampers the identification of neaatresistance (Pinochet,
1995; De Waele, 2000). Adoptable nematode resistarieties are yet to be
developed as the search fdusa germplasm intensifies.(De Waele and Speijer,

1999).
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Compared to conventional breeding, genetic transition ofMusa has been an
attractive option for enhancing banana with pest disease resistance. Relative
success has been achieved in genetic engineeribgrafnas and plantain by
transfer of foreign genes into plant cells (Segal., 1995; Tripathi, 2003a).
However, genetic improvement of plants against rnedes has generally
focused on resistance against sedentary endoparasinatodes, such as the
root-knot nematod®leloidogyne spp., the cyst nematod€obodera spp. and
Heterodera spp. (Wuytset al., 2003). The development of strategies against
migratory nematodes is thus essential. Lectinspanéeins other than enzymes
and antibodies that bind carbohydrate. They hawn lbregarded as valuable
toxins for the control of insect pests in variousps. Lectins for control dfA.
incognita nematodes have been tested under laboratory comgléind controlled
root-knot nematodes of tomathytopersicon esculentum L.) by 75% (Burrows
et al., 1998; Wuytset al., 2003). However, the strategy requires the preseffic
lectins in the vicinity of the rhizosphere. Lecerpression inside the plant cell
was found not insufficient and signal peptides wered to be necessary for the
transport of the proteins to the plant's apoplast dnizosphere (Wuytst al.,

2003).

Other possible approaches for developing transgghants with improved
nematode resistance is through the use of prowimdsbitors, which act as
nematode antifeedants (Tripathi, 2003a). Cysteires tbeen expressed

transgenically and provides control against thet ey@matodes and root-knot
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nematodes Meloidogyne spp.) (Tripathi, 2003a; Atkinsoat al., 2004). Other
strategies for the development of transgenic netieatesistance include the use
of natural resistance commonly referred as R-geaedBacillus thurigiensis
(Berliner) genes (Tripathi, 2003a). Though someegeshow some biological
activity against nematodes, some have toxic effagésnst insects and mammals

which limit commercial use (Tripathi, 2003a).

Though transgenic resistance has been found adrisstilis, concurrent work
has to be carried out to combine transgenic planisth acceptable consumer
traits. Also, pyramiding of resistance genes isdeée sincePratylenchus spp.
causes more losses as opposedRt@milis (Tripathi, 2003b). Additionally,
Pratylenchus has more species (pathotypes). They normallylatteeplant more
at the same time, necessitating the need for adbrgigectrum resistance to be
able to combat the pathotypes effectively and effectly (Tripathi, 2003a;

Atkinsonet al., 2004).

1.5.5.2 Tissue cultured banana plants

Widespread use of planting materials infected lstgpand diseases has resulted
in yield losses, making banana an expensive contgnémi consumers, reducing
the cash earnings of producers as well as threwjehe potential of the crop to
contribute to the food security of rural househotdKenya (Qaim, 1999a; Qaim,
1999b). The problem has so far been identified &gious public and private

research organizations in Kenya. In 1991, Jomo HK#ay University of
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Agriculture and Technology (JKUAT) and Kenya Agticual Research Institute
(KARI) started producing tissue culture banana téa®m with the aim of
providing smallscale farmers with pathogen-free dman planting material
through the use of tissue culture (TC) biotechnypl@@aim, 1999b; Duboist al.,

2006bh).

Tissue culture plants are produced axenically, ngakhem pest and disease-free.
Besides the advantages of rapid and mass multipiicahigher yields and
uniformity, they give earlier and higher yields a®ll as vigorous sucker
production (Robinson, 1996). They are uniform ala@ all year round, thereby
facilitating distribution of improved cultivars. Aording to Pereirat al., (1999),
the axenic nature of the plants production elin@adieneficial microorganisms
such as the endophytes, which may confer sometaeses to nematodes in the
field. The plants may therefore become easier taifge nematodes attack in the

field.

TC plantlets require higher levels of care compdoethe conventional suckers.
Where management practices are not optimal, such e many smallholder
farms in Kenya, the benefits of the plantlets areathieved due to reinfestation
by pests such as plant-parasitic nematodes anch@ameevils. The acceptance
and the use of TC banana is very high in Kenya (Wagn and Kiome, 2001).
However, based on rural appraisals conducted by IKkiere is a great need for

pest and disease control in TC bananas (Wamietigl, 1999). Though tissue
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cultured banana offer pests and disease free ptamiaterial, the rate of re-
infestation by these pests in the farms remaineatgtoncern (Ayyadurat al.,

2005).

There is need for improving the plantlets in ortierincrease or boost their
resistance to pests and diseases once in the fRethtroduction of the beneficial
endophytic fungi in to TC banana plantlets shosfter deflasking or before
potting can lower the number of root invading pai@sematodes (Sikoret al.,
2003). This method is considered a novel approachiological control of

banana parasitic nematodes.

1.5.5.3 Biological control

Withdrawal from the market of several nematicidese dto health and
environmental problems associated with their prddacand use has elucidated
increased scientific research focused on the bicdébgontrol of plant parasitic
nematodes (Kerry, 2005). Natural control of plaatgsitic nematodes has been
in existence for a long time. Numerous antagoragi@inst the nematodes have

been described (Kerry, 1987; Stirling, 1991).

Decline of the populations of the cereal-cyst nemet Heterodera avenae
(Wollenweber, 1924) under monocultures of suscéptibreals in many soils in

Europe has been the most studied example of natarahtodes control (Kerry,
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2005). The decline was caused by two major pacafitngi, Nematophthora

gynophyla andVerticillium chlamydosporium (Kerry, 2005). Besides fungi, other
organisms such as bacteria, viruses, predatory toeles insects and mites have
been found to parasitize on vermiform stages ofatedes or females and eggs
of root-knot nematodes and cyst nematodes (Stjrii®91). In recent years the
ecology, biology and potential of biological contements have been reviewed

and published in various contexts (Stirling, 199ikora, 1992; Kerry, 2000).

1.5.5.4Endophytes as an alternative biological control age

The recent past has seen an increased growthemitsici studies and information
on the use of endophytic microorganisms as a viduaol for plant protection
against pests and diseases. An endophyte is anismgéhat, at some time during
its life cycle, lives symptomlessly within planssues (Petrini, 1991; Saikkonen
et al., 1998; Azevedcet al., 2001; Saikkonergt al., 2004). Almost, if not all
plants are naturally associated with endophytesi(f,el991; Bills, 1996). These
endophytes have been isolated from different plafter surface sterilization.
Endophytic relationship may be described as a siplogical interaction of
organisms of different species, which can further dnaracterised as either
neutral, antagonistic or mutualistic (Saikkonetnal., 1998; Saikkoneret al.,
2004). However, the term *“endophyte” has become osymous with

“mutualist”.
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Endophytes have been demonstrated to be presemamy plants. They have
been shown to be harboured in orchidgpénthes) (Baymanet al., 1997), wild
triticum (Triticum dichasians (Zhuk.) Bowden (Marshakt al., 1999) ,Quercus
robur L. andQ. cerris trees (Gennaret al., 2003); and in crops of agricultural
importance such as ric@ryza sativa) (Fisher and Petrini, 1992), cabbage
(Brassica oleraceae) (Mennanet al., 2004), maize4ea mays L.) (Fisheret al.,
1992) and tomataLfycopersicon esculentum L.) (Hallman and Sikora, 1994; Cao
et al., 2004). More recent has been the isolation of &irendophytes from

bananas (Pocasanggteal., 2000).

Most of the literature on endophytes has demotestrine effect of endophytes
on most groups of plant-parasitic nematodes. Perithp most widely used
agents of biological plant protection are fungatigshytes of forage and turf
grasses. These are fungi of the familavicipitaceae (Schardl and Phillips,
1997). The endophyt@&leotyphodium coenophialum (Morgan-Jones and Gams),
found in the tall fescue gras§estuca arundinacea L.), and the endophyte
Neotyphodium lolii L., found in perennial rye graskolium perenne L.), have
been the most intensely studied symbionts (ScladIPhillips, 1997; Cook and
Lewis, 2001). Their numerous benefits to the pldrase been documented as
enhanced tillering and root growth, protection aghtinematodes, fungal
pathogens, insect herbivores, and mammalian hedsv(Schardl and Phillips,
1997). Accumulation of toxic compound has been shaw be the mode of

protection offered by these endophytes againstimgganmammals (Raisbecét
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al.,, 1991; Cook and Lewis, 2001). Numerous informatiom the use of
endophyte on the control of insect-pests has besmewed and published
(Azevedoet al., 2001). The benefits conferred by endophytes ¢ohtbst plants,
has by far demonstrated the protection affordethbyhost plants due to such an
association. However, literature shows that therdack of information on
endophytes from tropical hosts, which are more sdyeaffected by pests and

diseases (Azeveds al., 2001).

1.5.5.5 Use of endophytes in nematode management

Earliest reports on the effects of endophytes anatedes were documented in
tall fescue grass. This association showed reducechbers of various
ectoparasitic and endoparasitic nematodes in faeld greenhouse experiments
(Pedersen and Rodriguez-Kabana, 1984; Schardl laiigh®, 1997). In perennial
ryegrass, the presence of mutualistidolii endophytes has also been reported to
reduce numbers of ectoparasitic nematodes reféoradParatylenchus (Eerens

et al., 1998) Meloidogyne marylandi, (Jepson & Golden) a root knot nematode
causing significant damage in forage and turf gres$ias been found to be
affected by endophytes, with its reproduction régmbrto be greatly reduced in
endophyte-inoculated tall fescue grass roots (Kimsab al., 1990; Elmiet al.,
2000).

With rapid growth of scientific interest on endophantagonism to nematodes,
more crops have been studied. In such a stddyncognita in tomato roots were

shown to be affected bgndophyticF. oxysporum isolated from tomato roots,
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leading to less infection by the nematode (Hallmad Sikora, 1994). A wide
range of plant parasitic nematodes exist hence mfacyors affect their
susceptibility to parasitism and predators (Grah#®91). The diversity includes
sedentary endoparasites, (the root-knot and cysatweles), ectoparasite, and the
migratory endoparasite suchRadopholus andPratylenchus. Previously, lack of
sufficient information on the migratory habit ofdaparasitic nematodes made it
difficult to develop a biological control agentinse the agent was not expected
to have an impact on the nematode’s critical miitipion stage (Graham, 1991).
Plant parasitic nematodes have a number of deveappstages, representing a
varied and ever changing target for biological oaintarget. Therefore the
biological control strategy in question must taripet stages that are completed in
the plant tissues. Consequently, endophytic fumigireating from the roots and
able to colonize the roots tissues are better gicéd agents for root parasitic
nematodes since they occupy the same ecologidaé math the nematodes and
are in constant contacts (Siddiqui and Mahmood5)199oreover, the fact that
endophytes complete their life cycle inside thenfdagives them protection from
variation in environmental factors which may othsevaffect their performance

(Siddiqui and Shaukat, 2003).

Mechanisms through which endophytic fungi contr@matodes have been
controversial. Some of the ways that endophytes Hasen found to protect
plants include: improvement in the plant physigi@gich as enhanced tillering,

roots growth and increase in drought tolerance ifMalski et al., 1997; Elmiet
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al., 2000), induction of systemic resistance (Kimmeinal., 1990; Fuchst al.,
1997), and production of nematicidal metabolitestif@osis) (Hallman and

Sikora, 1994; Cook and Lewis, 2001).

Compared to other methods of nematodes managemeht & the use of
nematicides which may have complete nematode extami; endophytes have
been documented to have varied effects on nemagm®dations in plants and
in the soils. Akinsanmi and Adekunle (2003) showedliction in the population
of M. incognita in soybean due to endophytes innoculation. Sinndgorts have
been documented in other crops (Kimmaatsal., 1990; Elmiet al., 2000;

Mennanet al., 2005). In pot experiments with TC bananas nedestmumbers

were shown to be less in endophyte treated pl&ksi@et al., 2003).

With such a background, the International Institaf Tropical Agriculture
(IITA) initiated an intensive fungal endophytes gasch in 1997 aimed at
management of microorganisms to enhance planthhéaitsustainable banana
production in East Africa (IITA, 1998). Since thaomerous research has been
carried out on the potential of endophytes to adrianana pests. In a study of
healthy asymptomatic banana roots and rhizomeetisguPisang AwakNlusa
ABB), a large number of fungi were isolated (Schust al., 1995b; Niere,
2001). Most frequently isolated was the gerfussarium. The speciesF.
oxysporum was frequently isolated and seems to form an @aseomponent of

the endophytic mycobiota of banandusa spp.) in Uganda (Schustet al.,
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1995a; Griesbach, 2000; Sikaatzal., 2003). Presence of fungal isolates has also

been documented from Central America (Pocasasigie 2000).

An overview of the potential of endophytic non-pagknic F. oxysporum for
biological control of plant parasitic nematodes hasn documented (Schusger

al., 1995a; Niere, 2001). Isolates of non-pathogé&nioxysporum from different
locations and cultivars in Uganda showed more tB@% inactivation ofR.
similis in in-vitro experiments (Niere, 2001; Dubasal., 2004). Additionally,
non-pathogenid-. oxysporum led to reduced root attack and penetration by the

nematodd®. goodeyi in two different banana cultivars in Kenya (Speife993).

Inoculation of the fungal isolates onto one monith tessue cultured bananas at
one month old plantlets has lead to colonizatiothef plants by the endophytes
(Paparuet al., 2004). This is a crucial step in the utilizatiohthe biological
control since the plants will be inoculated beftiney are released into fields.
Use of maize bran containing fungal inoculum haanb&hown as a very effective
way of introducing the endophytes into the planBaparuet al., 2004).
Numerous results on banana endophytes have demteaspositive interaction
of banana endophytes (non-pathogericoxysporum) with TC banana plants
such as reduction on the numbeRo&milis in banana roots (Pocasangre, 2000),
increased shoot and root weights in endophytesetielbanana plants (Speijer,

1993; Pocasangre, 2000; Niere, 2001). The isol&&/¥ has been shown to be
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one of the best and potential endophygicoxysporum isolate with promising

application for the control d®. similis.Reference

The need for exploring the potential use of endtiphfungi isolated from
Kenyan bananas as biologican contro agent agamsiatodes is a research
priority. Consequently the utilization of endopleytiungi (non-pathogenié¢-.
oxysporum) by incorporating promising fungal isolates intsstie culture
plantlets before hardening and release to the fésrfields is the objective of the
study. The ability of the fungal isolates to cokmigrow and confer resistance in
tissue cultured plants to nematodes will play ozl role is selection of the best
candidate isolate. After distinctive colonizatiobildy of the fungal isolates is
understood, effective isolates will be mass-produeed integrated with the
production of tissue-cultured plantlets. The biatagj enhancement of the plant
will be evaluated in the field, by determining wihet the plants will be protected
from parasitic nematode attack and conclusivelyiuata the sustainability and

adoption of the technology in banana productiodenya.
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CHAPTER 2

ISOLATION AND IDENTIFICATION OF FUNGAL ENDOPHYTES
FROM BANANAS IN KENYA

2.1 Introduction

Endophytes are defined as fungi colonizing heagtlayt tissue without causing
any symptoms or injury to the host (Bills, 1996)o# plants, if not all harbour
endophytes. It's however difficult to detect endgiels since they can only be
successfully studied by plating them out carefually surface-sterilized tissues.
Outward growth of hyphae from internal tissueswface sterilised plant tissues
has been regarded as one of the main evidencedohgtisim (Petriniet al.,
1990). Endophytes are generally not considerednesgacific, and it is likely
that many of the species isolated from stems aats r@so occur in leaves (Dix

and Webster, 1995).

Various methods have been employed in isolatiorerafophytes (Fisher and
Petrini, 1992; Edeét al., 1997; Schulzt al., 1999; Loriet al., 2004; Ayyadurai

et al., 2006; Olatinwoet al., 2006). A standard method for endophyte isolation
uses dips in both ethanol (EtOH) and bleach (NaO@here the time of

immersion in NaOCI varies with the tissue and tbsti{Bills, 1996).
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A study by Niere (2001) documents that, after séaticsurface sterilization of
banana tissues and subsequent identification, thet frequently isolated fungi
from healthy banana rhizome and roots wmagsarium oxysporum which
consisted 15% of all the fungi isolated from theome cortex and around 7%
from the roots and the central cylindEt.oxysporum has also been shown to be
the mostly frequently isolated species in othedists associated with banana
(Niere, 1999; Mateille and Folkertsma, 1999; Battlera and Perez-Vicente;

2000).

Fungal endophytes isolates intended for developingological control agent
should be non pathogenic to the host or targetremdtarget plants. The use of
vegetative compatibility grouping (VCG) techniquashbeen employed as a
technique to differenciate between non-pathogend @athogenic isolates &t
oxysporum (Niere, 2001). However, pathogenicity tests are equally done gy us

of susceptible cultivar (Niere, 2001).

Standardizing the isolation procedure is of parambhamportance in order to
obtain a true picture of the fungal biodiversitynanana roots and corms (Niere,
2001). The fungal spectrum has also been showraty with the interval of
sampling, the plant tissue and plating (Niere, 30Ftequency of isolation of
endophytes has also been reported to increasethétlage of the tissue with,
higher numbers of endophytes expected in older r@mmaots and rhizomes

(Niere, 2001). In the search for a novel biologicahtrol agent against banana
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pests such as nematodes, isolation of fungal eryieplwas considered as an
important point in understanding the frequency oflaphytes distribution in

bananas in Kenya.

The objective of this chapter was to isolate arehidly fungal endophytes from

the roots, corms, pseudostem base and pseudostéralthy banana plants and

suckers sampled from two agro-ecological zonesany&.
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2.2 Materials and methods

2.2.1 Sampling of banana for isolation of endophyse

Plant samples for this study were taken from rdgdltwered banana plants in
Meru district in Eastern province (06' 34S, 887 23 E, 1050 masl,) and Kilifi
district (03'4S 0" 039° 40' 0" E, 17 masl) in theasSt province of Kenya. The
cultivars selected were Cavendish varieties andlloooking cultivars such as
“Mutagato” in Meru district and “Mkono tembo” in @et province.

Questionnaires were developed to facilitate gatigeaf information regarding
the banana plantation in terms of age of the nraidyxction trends, size of the

farms and farmers’ perception of pests’ problempgépdix 1).

Plants selected for sampling were visibly healtlandna plants showing no
nematodes/weevil attack or symptomatic fungal imdec in field that was
infested by the nematodes. In total five plantsensslected from each of the two
sampling regions. The height, girth and numberdty fopen leaves for both the
mother plant and the sucker were assessed. Planésdug out carefully with the
sucker attached. Pseudostems of the mother planth@nsucker were cut at the
height of 30cm from the pseudostem base. Samples kept in a cool box for
transportation to the laboratory. In the laboratding samples were cleaned with

tap water to remove soil before isolation of enddes.
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2.2.2 Isolation of endophytes

Suckers were detached from mother plants and pissue obtained from the
joint between the two Plants. Ten cylindrical bledk mm in diameter and 50
mm in height were transversally drilled using aiktés mm diameter cork borer.
The corms were pared to remove the root systeng asknife. Five healthy roots
were randomly sampled from both the mother plantstae sucker. From each

of the five roots, 5 cm long blocks were cut 3 conf the corm.

From each of the mother plant and the sucker, tbBeugostems were
transversally cut at 5 cm and 20 cm height frompbeudostem base respectively
to obtain 5 cm thick discs. In total ten 50 mu® mm cylindrical blocks were
obtained from the outer pseudostem and stele df eamther plant (five from
each part). Only five 50 mm 5 mm cylindrical blocks were obtained from the
sucker pseudostems since none had formed the dSBwan tissues for
endophytes isolation were made by making a cutecollar of the pseudostem
base and the corm to separate the two plant padsns were separated into
three 5 cm thick disks cut from below (lower pavfsthe corm) using a knife.
From each of the corm disc, ten cylindrical bloksnm in diameter, and 50 mm
height) were drilled from the inner and the outernc using a 5 mm diameter

cork borer.
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In total, 125 blocks were obtained from the outant 125 from the inner corm,
50 from the inner pseudostem base, 50 from ther qqgeudostem base, 25
blocks from the stele, 50 blocks from the pseudonste0 bocks from the roots,
and 50 blocks from the part joining the mother pkamd the sucker. In total 525
blocks were sampled from Meru district while sampkom Kilifi district

yielded 525 blocks. Since all the samples could betandled the same day,

they were put into polythene bags and were stare4?@ for fungal isolation.

Throughout primary fungal isolation process, aseptinditions were observed.
All the cylinder blocks obtained from the variousu parts were individually
surface sterilised. Surface sterilisation was edrout by dipping the cylindrical
blocks from the samples in 75% EtOH and flamingeounatil all the ethanol was
completely burnt off. These procedures were carodunder the laminar flow
cabinet. After sterilisation, the cylinders werertiplaced on sterile paper and cut
transversally into five 2 mm x 2 mm pieces. The sgrocedure was applied to
the root samples. For each block only five cutesewere randomly picked and
plated on their flat sides in 90 mm diameter Pdishes containing sterile
synthetic nutrient agar (SNA) medium (1 g ¥, 1 g KNG;, 05 ¢
MgSO..7H,0O, 0.5 g KCL, 0.2 g glucose, 0.2 g sucrose, 0.@ Ml NaOH , 15 g
agar in 1 L distilled water). To prevent bactegahtamination, the media was
supplemented with antibiotics (0.1 g penicillin G2 g streptomycin sulphate,

0.05 g chlorotetracycline in 1 L distilled water).
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After plating the plant tissues on the Petri dishlesy were sealed with parafilm
and put into sterile basins. The Petri dishes wergbated in the laboratory (£ 26
°C and 12: 12 L: D hrs photoperiod). After four daglse Petri dishes were
observed for any fungal growth, and whenever necgsshe likely endophytic
fungal outgrowths were rescued from the fast grgwsaprophytic fungi and
other contaminants. Rescuing of the endophytic ifumgplved picking of the
hyphal tips from areas without contaminants usimgnaculation needle, under a
microscope at a magnification of 200 x. Culturesengiscarded if contamination

was extensive.

Fungal outgrowth was carefully monitored six to tiys after plating the plant
tissues on SNA. Distinct colonies emerging from preces were picked under a
dissecting microscope and the hyphal tips werecsitiored into 90 mm plates

containing half strength potato dextrose agar (PD#edium (19.0 g potato

dextrose agar, 10 g agar / L distilled water) ahtASn 90 mm diameter Petri

dishes. The plates were incubated for seven datfseitaboratory (= 26C and

12: 12 L: D hrs photoperiod).

2.2.3 ldentification of the fungal isolates

To identify isolates belonging to the genbssarium, all fungal endophytic
cultures on SNA were observed under a compoundostgope at magnification
of 400 x. The genuBusarium was identified if the isolate under observatiod ha

produced macro-conidia with foot-based basal cetjporodochia.
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2.2.4 Preparation of single spores for identificatin to the species level

Using a flame sterilised wire loop, hyphal tips v@septically picked from the
top of the colony of fungal cultures of each PDAtptE from (2.2.2) above under
the laminar flow cabinet. The hyphal tips were $farred into sterile 2 ml
eppendorf tubes containing 1 ml distilled waterohder to release the conidia,
the eppendorf tube was hand shaken for approxigndtels. From the conidial
solution, 50 ul was pipetted into 2 ml eppendoldeticontaining 1 ml distilled
water. Equally this eppendorf tube was hand shdkerapproximately 30 s.
From the resulting conidial solution 400 ul wasepipd onto a 90 mm diameter
Petri dish containing water agar (20 g agar / liltkd water) and the plate were

shaken slightly to evenly spread the conidial sotubver the medium.

Observation of conidia germination was carried after 15 h. Presence of germ
tube indicated spore viability and therefore pick®dgly under a dissecting
microscope (magnification 100 x). This was donechiting a 0.1 x 0.1 mm
block of medium surrounding the germinating spasimg a flame sterilized wire
loop. Together with the spore the media block wasdferred to the centre of a
90mm diameter Petri dish containing SNA medium. Peé&i-dishes were sealed
with parafilm and incubated for 6-13 days undemtakory conditions. After a
pure culture has been obtained, further sub-cualjuwas carried out on half

strength PDA (for macroscopic observation) and SNédia (for microscopic
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characteristics) simultaneously using flame st&di inoculation needle and the

plated incubated in the laboratory for 5-7 days.

2.2.5 Identification of endophyticFusarium to species level

Macroscopic features such as growth and cultureackeristics were observed
from half strength PDA media (from section 2.2.2swused. Colony diameter
(mm) was measured using a ruler from three diffepsitions on day five,
seven and ten. The values were used to obtaingeeony diameter (mm) for
each isolate across the days. From the same pites culture characteristics
were observed which included: colour of colony obsd from below the Petri
dish, colour of aerial mycelium, colour of sporobia; and presence or absence
of aerial mycelia. Microscopic features were obsdrirom SNA (from section
2.2.2). Features observed under the microscopen(ficagion 400 x) included

conidiophores and conidia (Table 1).

36



Table 1: Features of fungal structures and their relea#tnibutes that were used

during the identification ofFusarium species.

Fungal structure under observation*

Key features olerved

ze

tion

1. Macroconidia produced on Shape of the basal and apical cells, s
sporodochia and the number of septa
2. Macroconidia produced in Presence or absence, shape, number of
aerial mycelium septa and formation (Pairs, groups or
singly).
3. Chlamydospores production Presence or absence and their forma
(Pairs, singly or pairs).
4. Microconidia producedin Presence or absence, shape and number
aerial mycelium of septa
5. Conidiophore Type of conidiophores as either
monophiliades or polyphiliades. Their
length (classified as short, medium or
long), and their type (Microconidia or
macroconiadia).
6. Microconidia produced in Size was obtained as the length and

aerial mycelium

width (um) obtained from four conidia
borne in sporodochia using a
micrometer in the microscope eye
piece.

*|dentification was done at magnifications of 40Gax fungal isolates cultured
on Synthetic Nutrient Agar (SNA) for one week.
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A checklist form for identification of the speciess used for thBusarium spp.
identification (appendix 3). lIdentification &lusarium spp. was based on (Nelson
etal., 1983) and (Burgess al., 1994) identification manuals. NoRusarium

isolates were not identified to species level.

2.2.6 Storage ofFusarium isolates

After identification,Fusarium spp. isolates were preserved in both soil tubés an
filter papers. Filter paper preservation was farskerm storage while soil tubes

were for long term storage.

2.2.7 Preservation of isolates on filter paper

To preserve the endophyfasarium spp. isolates on filter papers, the following
procedure was used. Using a pair of scissors figrers (Whatman No. 1 (90
mm diameter)) were cut into 25 mm x 25 mm pieceSesE pieces were
autoclaved in 90 mm glass Petri dishes and driedniroven at 70C. SNA
medium was prepared and dispensed into sterile 80 diameter glass Petri
dishes. Five to seven pieces of sterile filter pspeere aseptically placed on
SNA media. Each of these Petri dishes were incedlatith a small block of
SNA containing endophytic fungi cut from activelsowing culture using sterile
flamed inoculation needle. The block was placedha centre of the Petri dish

containing SNA. The dishes were incubated in tHmodatory for one week.
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Using flame sterilised forceps, the filter papersravlifted from the SNA plates
and placed into sterile 90 mm Petri dishes. Thei RBshes were left on
laboratory bench to dry for three days. Using flasterilised forceps, the filter
papers were lifted into sterile 2 ml eppendorf gibEhe tubes were stored alG4

in the laboratory.

2.2.8 Preservation of endophytic isolates in soilibes

Three parts of sand, three parts of compost and parts of loam soil were
sieved using a 2 mm sieve and mixed thoroughly. mheure was put into test
tubes of 15 cm length and 13 mm diameter to a defpthcm. A volume of 5 ml
tap water was added per test tube, and the tulbgged with cotton wool and
later covered with aluminium foil. The tubes wetlwed to stand for 24 h to
allow water to seep through the soil. After 24 hemal, the tubes were
autoclaved and allowed to cool overnight on theofatory bench. Fungal
cultures were preserved by picking a small bloclkagér with mycelium from
SNA plates and transfering onto the soil surfacdm soil tubes which were
covered with cotton plug and recapped with alummmitoil. For each fungal
isolate, three tubes were prepared for preservaiibe tubes were them labelled
using stickers with the name of the isolate anddidie of preservation. The tubes
were left on the laboratory benches for one weelltav colonization of the soill
by the fungus. After colonisation confirmed throutite production of aerial

mycelia in the tube, the tubes were stored 4 -4
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2.2.9 Pathogencity tests

Tissue cultured banana plants (Gros Michel and @Qdish varieties) were
obtained from the tissue culture laboratories imdd<enyatta University. Four
weeks after rooting, tissue culture plants wereawsd from the rooting medium
and their roots and rhizomes washed using tap waker plants were suspended
in a nutrient solution in 300 ml plastic cups wiidhs for four weeks to enhance
root growth. Plants were placed singly in cups @thon trays, and kept for four
weeks in a humidity chamber in a screenhouse. Th@ent solution in the cups

will be topped up weekly.

Endophytes suspension was prepared from thirtedates from meru and Kilifi
districts respectively. The suspension was prepayedulturing the isolates in
PDB in the laboratory for seven days. Spore comagahs were estimated using
a hymocytometer. The suspension was regulatedthgreadiluting the suspension
with SDW or concentrating the solution by removiegcess media. Spore
concentration was regulated to approximately 1.56X 16 spores / ml. The
plants were dipped in endophytes spore suspensioancentration. The plants
remained in the spore suspension for 2 hours. pliaets per treatment (Fungal
Isolate) were used. The control experiment conthipkants dipped in sterile
PDB/ Corm broth whose pH will be adjusted to bethme as that of the spore
suspension. After dipping, the plants were planieda 200ml container

containing sterilised soil, and kept in humidityaotbers for four weeks.
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Internal and external symptoms assessment wagdat after 10 weeks. This
included visual assessment for fhgsarium wilt symptoms. External symptoms
that were evaluated on monthly basis included: Pirgg of leaves, wilting, plant

stem becomes spongy, yellowing of leaves, crackintpe pseudostem and new

suckers arising from the cracked sites.

Internal symptoms were evaluated on the tenth waekluding internal
discolouration. A visual scale of 1-6 where was duge indicate severe
decolouration. Only the corm base was observed. Siwall discs from the corm
base were obtained from each plant for re-isolatidnthe fungus in the

laboratory.

2.3 Data collection and statistical analysis

The frequency of occurrence of endophytic fungi wascribed as a percentage
calculated for each fungus from the number of dslesh plates. The colonisation
frequency of the various plant parts were group#d four categories i.e. the
inner corm, outer corm, pseudostem and pseudossse @ he total number of
isolates per category was converted to percentdpese categories were
matched with the source from which they were igaldtom. The plant source
included mother plant, sucker or the joint. Datas w&csine transformed before

subjecting to ANOVA using SAS statistical package.
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2.4 RESULTS

2.4.1 Sampling, isolation and identification

Fusarium spp. counts from Kilifi district were 1,803 isolateompared to 652
Fusarium spp. isolates from Meru. All the samples from Kilifistkrict had a
higher frequency of occurrence Blsarium spp. compared to plant samples
from Meru district (Table 2). Compared to otherdahisolates obtained from the
plant partsFusarium spp. had a higher rate of occurrence than any adbkate

for both samples from Meru and Kilifi districts ([@la 3).

Table 2: Fusarium spp. isolates distribution (counts per plant tissuejrr
banana plant samples collected from Meru and Kilgtricts in 2005 and 2006,

respectively

Distribution of Fusarium spp. isolates per plant tissue.

Sample R IC oC IP OPS IPSB OPSB Total
source

Meru 224 146 156 46 9 43 28 652
District

Kilifi 239 465 572 131 70 171 155 1803
District

Total 463 611 728 177 79 214 183 2455

R =roots,IC = inner cornOC = outer corm|P = inner pseudosten@P = outer

pseudostemPSB = inner pseudostem base d&DBSB = outer pseudostem base.
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Table 3: Fusarium and nonFusarium spp. isolates per plant tissues from banana
plant samples collected from Meru and Kilifi distd in 2005 and 2006

respectively.

Counts ofFusarium spp. isolates per plant tissues.

Sampl Fungal R IC ocC IP OPS IPS OPSB Total

€ SPP. B

source

Meru Fusarium 224 146 156 46 9 43 28 652
spp.
Non 22 107 113 43 17 67 83 452
Fusarium
spp.

Kilifi Fusarium 239 465 572 131 70 171 155 1803
spp.
Non 11 278 175 119 54 79 95 811
Fusarium
spp.

Total 496 996 1016 339 150 360 361 3718

R =roots,IC =inner cornOC = outer corm|P = inner pseudosten@P = outer

pseudostemPSB = inner pseudostem base d&DBSB = outer pseudostem base.

The percentage occurrence of endophyigsarium oxysporum from Meru
district samples was higher in the roots (79.2%ntin the outer corm tissue
(11.2%), inner corm (10.5%), inner pseudostem §@ak6), outer pseudostem

base (6.0%), inner pseudostem (3.6%) and outedpstam (1.6%) (Table 4).
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Table 4: Frequency (%) of occurrence of fungal endophytedaisd from
surface sterilised banana tissues sampled fromHeavily banana nematodes

infested farms in Meru district, Kenya.

Banana tissues*

Fungal spp. R IC oC IP OPS IPSB OPSB
F. oxy 792 105 112 36 16 76 6.0
(198) (v9) (84 (9 @ (19 (15
F. solani 68 73 89 140 56 96 48
@ 65 ©n @G5 0 @4 (12
F. Subglutans 20 07 00 00 00 00 00
G &6 ©O ©0© © O ©
F. avenaceium 08 04 05 00 00 00 0.0
@ & @ ©0o O O ©
F. equiseti 00 03 01 04 00 00 0.0

(0) (2) (1) (1) (0) 0) (0)
F.chlamydosporium 0.4 0.1 0.0 0.0 0.0 0.0 0.0
1) (1) (0) (0) (0) (0) (0)
F. nivale 0.4 0.0 0.0 0.4 0.0 0.0 0.0
(1) (0) (0) 1) (0) (0) (0)
OtherFusariums 0.0 0.1 0.0 0.0 0.0 0.0 0.4
(0) 1) (0) (0) (0) (0) (1)
No growth/cont 1.6 66.3 64.1 644 79.2 56.0 556
(4) (497) (481) (161) (99) (140) (139)

Non Fusarium 8.8 143 151 172 136 26.8 33.2
(22) (107) (113) 43) (@7) (67 (83)
Total 100 100 100 100 100 100 100

(250) (750) (750) (250) (125) (250) (250)

*Figures in bold are percentage distribution peanplpart while figures in
brackets are the actual number of isolates courfdaht tissues used were
abbreviated as followSR = roots,IC = inner cornOC = outer corm]P = inner
pseudostemQP = outer pseudostenPSB = inner pseudostem base ZDBSB

= outer pseudostem base.
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Samples were taken from roots, rhizome and pseewhosissues of banana
plants. Identification of the isolates from the gdes were carried out as outlined
in Fusarium spp identification manual by Nelsbal, (1983).

Similarly, the percentage occurrence of endophlytisarium oxysporum from
Kilifi district samples were higher in the roots &2.0% than in the outer corm
tissue at 37.2%, inner corm at 48.4%, inner psdedodase at 27.2%, outer
pseudostem base at 36.8%, inner pseudostem 41.8%uwer pseudostem at

42.4% ( Table 5).
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Table 5: Frequency (%) of occurrence of fungal endophytedaisd from

surface sterilised banana tissues sampled fromHeavily banana nematodes

infested farms in Kilifi district, Kenya.

Banana tissues

Fungal species R IC oC |IP OPS IPSB OPSB

F. oxy 79.2 105 112 36 1.6 7.6 6.0
(198) (v9) (84 (9 (2 (19 (@15

F. solani 6.8 73 89 140 56 9.6 4.8
(17) (85 (67) (35 (7) (24 (12

F. Subglutans 2.0 0.7 00 00 00 0.0 0.0
G 6 ©O O 0 O

F. avenaceium 0.8 04 05 00 00 0.0 0.0
2 6 @4 0O O O

F. equiseti 0.0 03 01 04 00 0.0 0.0
o @ O @® O O

F. chlamydosporium 0.4 01 00 00 o0.0 0.0 0.0
@m@ @O ©O© O O © (0)

F. nivale 0.4 00 00 04 00 0.0 0.0
@m@ O o @O O O

OtherFusariums 0.0 01 00 00 o00 0.0 0.4
@ @O ©O© ©O© O O @

No growth/cont 1.6 66.3 64.1 644 79.2 56.0 55.6
4) (497) (481) (161) (99) (140) (139

Non Fusarium 8.8 143 151 172 136 26.8 33.2
(22) (107) (113) 43) @7y (67) (83)

Total 100 100 100 100 100 100 100
(250) (750) (750) (250) (125) (250) (250)

Figures in bold are percentage distribution pentgbert while figures in brackets
are the actual number of isolates counkd.Roots,|IC= Inner cornOC= Outer
corm, IP= Inner pseudosten®P= outer pseudostentPSB= Inner pseudostem
base andDPSB= Outer pseudostem base.

Samples were taken from roots, rhizome and pseewtosissues of banana

plants. Identification of the isolates from the gées were carried out as outlined

in Fusarium spp identification manual by Nelsbal, (1983).
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Other majorFusarium species identified in high numbers includedsolani, F.
subglutans, F. avenaceium, F. equiseti, F. chlamydosporium, F. nivale and F.
moniliforme. SomeFusarium that was difficult to identify and classify formedh
important part of the fungal spectra from both tsampling locations. From
Meru samples othdfusarium spp. accounted for 0.1% frequency of occurrence,
while in Kilifi samples, othefFusarium spp. accounted for 2.0% frequency of
occurrence. OtherFusarium which could not be described using the
morphological characteristics, had a frequencyaoluorence in the range of 0.1-
2% in Meru and Kilifi districts isolates respectiygTable 3 and 4). The roots
gave the highest occurrence &toxysporum compared to the corm and

pseudostem tissues (Table 4 and 5).

There were significant differences in the varidusarium spp. isolated across
the various plant tissues obtained from the mopitents, sucker and the joint
between the mother plant and the sucker, for sarfpden Meru district (Table
6). Fusarium oxysporum varied significantly among the mother plant, sucked

the joint tissues. The inner corm of the sucker laadhigher frequency of
occurrence of. oxysporum compared with the inner corms of the mother plants
and the joint (P < 0.05) (Table 6). Isolated=0bxysporum from the joint and the

mother plant did not vary from each other (Table 6)

The frequency of. oxysporum isolates originating from the different mother
plant tissues did not statistically differ from bacther (P > 0.05) (Table 6).

However the distribution df. oxysporum across the plant tissues obtained from
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the sucker plant demonstrated some significant QF05) differences Isolates of
F. oxysporum from the outer corm and the inner corms of thetgihad no
variations from each other (P = 0.05) (Table 6)e Dluter corm of the mother
plant had significantly (P < 0.05) higher occurremt F. oxysporum as opposed
to the inner corm. However, the frequency of isolabf F. oxysporum from the
sucker inner corm was relatively higher comparedltomther plant tisses that

were plated (Table 6).

Table 6: Distribution ofFusarium oxysporum (Means=S.E) isolates across the

various plant tissues from different plant partsamples collected from Meru

district.

F. oxysporum ( percentage colonisation )
Plant Inner corm Outer corm Pseudostem Pseudostem
part base

Mother 6.67+1.80Bab* 11.09+1.77aA 1.80+0.88cAB 5.76%1.79bA
Plant

Sucker 10.15+1.37aA 5.01+1.39bcB 2.16+0.95CA  6.4844bA
Joint 3.95+0.94bB 6.21+1.14aB  0.00+0.0bB 0.00+0.0bB

*Means (x SE) within a row or column followed byetsame lower or upper case
letter, respectively, are not significantly diffateat P = 0.05. Means and standard
errors of each cell of each column are means afgpéige colonisation of plant
tissues obtained from five healthy banana plants.

Isolates ofF. oxysporum originating from different plant stages (Motheamt
and the sucker plant) and the joint between thepaots varied significantly (P<
0.001). The inner corm of the mother plants had ighdr frequency of

colonisation by the endophyti€ oxysporum as opposed to the sucker plant and
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the joint tissues which did not vary from each othgqually, the outer corm,
pseudostem and pseudostem tissues originating fh@mmother plant had a
higher rate of occurrence of endophyfcoxysporum as opposed to the sucker

and the joint tissues (Table 7).

Table 7: Distribution of Fusarium oxysporum (Means=S.E) isolates across the
various plant tissues from different plant partsamples collected from Kilifi

district in Kenya.

F.oxysporum ( percentage colonisation )

Plant part  Inner corm Outer corm  Pseudostem  Pseuddsm

base
Mother 34.842.21bA 44.4+2.23aA 29.5+2.89bA 46.8+3.04aA
Plant
Sucker 23.5+1.77bB 30.7+1.86aB  14.0+1.87cB  34.22aBA
Joint 19.2+1.60aB 20.3+1.604aB 0.00+0.0bC 0.00+0.0bC

*Means (x SE) within a row or column followed byetsame lower or upper case
letter, respectively, are not significantly diffateMeans and standard errors of
each cell of each column are means of percentalgaisation of plant tissues
obtained from five healthy banana plants.

Among the mother plant tissues, the inner cornuéissand the pseudostem base
had almost the same frequency of endophytic cahinis whereas the inner
corm and the pseudostem tissues had the same rigqué occurrence of
endophyticF. oxysporum. Similar to the mother plant, the inner corm tessu

obtained from the suckers had higher rates of oenae ofF. oxysporum as
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opposed to the inner corm and the pseudostem. dihe hetween the mother
plant and the sucker was also a key area of integsg the isolation process.
The inner corm tissue and the outercorm tissues riadlifference in their

colonisation rates (Table 7).

Thirteen isolates tested did not show any path@gegmptoms to the tester
plants. It was therefore concluded that the iselatere not pathogenic, and were

fit for further tests.
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2.5 Discussion

The surface sterilisation method used in the catretudy was effective in
removing epiphytic micro-organisms, which made dsgble to isolate and
characterise endophtytic fungi from banana plakgually, the method was
appropriate in this experiment since it enableddhag of large sample size
during the endophytes isolation process. The usantibiotics in the culture

media inhibited bacterial contamination, enhanahgnces of fungal growth.

The main aim of the isolation process of endophytes to evaluate the
occurrence of endophytes in banana plants withathee of identifying isolates

that can be used for pest control. Therefore tbiation started from healthy
plants that were among other infested plants idgigvith high levels of banana
parasitic nematodes. Appropriate plant parts wanepéed from these plants such
as the roots which are normally attacked by the atedes, the corm and the
pseudostem. The isolates can be used to contriolugapests that are normally
associated with banana plants and occur at the saraen the same banana mat,

such as the nematodes and the banana wé&aatbpolites sordidus).

The current study used morphological identificatias the first step in the
classification of the endophytes. Morphological heels of identification have
been used in similar studies in the past and haea lbegarded as the first step
for fungal taxonomy and can give additional infotima on the isolates

biological activity (Gams, 1992). However, wherendal species were hard to
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identify using morphological information, furthenwvestigation is needed,
utilising either genetic or biochemical traits befohey can be evaluated for their

potential as biological control agents.

Results of the current study demonstrate Busérium spp. is a major inhabitant
of banana plants. The frequency of occurrendeusérium spp. was higher in all
the plants under the study as opposed to Fusarium isolates.F. oxysporum

was the most frequently isolated endophytic funigosy healthy banana plants.
These fungi constituted 15.5% and 44.6% of all fimegi isolated from the
healthy banana roots, corms and pseudostems from Eted Kilifi districts,

respectively. The same species has previously beported as the most
frequently isolated endophytic fungus from banaf@shusteret al., 1995b;

Pocasangrest al., 2000; Niere, 2001). Equalllf. oxysporum has also been
documented to be the most frequently isolated emgiep from rice and maize

(Fisher and Petrini, 1992; Fishatral., 1992).

The frequency of occurrence of endophytic fungi Wagher in the roots than in
the corm and pseudostem tissu€soxysporum accounted for 79.2% and 82.0%
of all theFusarium isolates from the roots isolated from Meru andfKdistricts
respectively. Similar observations were recordediezafrom isolation studies
from banana roots, pseudostems and corm tissudsugecet al., 1995b;
Pocasangret al., 2000). The endophyte&.(oxysporum), were isolated in two

locations (Meru and Kilifi), and were isolated frodifferent banana cultivars
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including dessert and plantains indicating thatoghgtes are not limited to

specific cultivars.

Occurrence of higher number of isolates from thes@s opposed to other plant
tissues under study may offer an explanation fareloor no nematodes attack
observed in these roots and overall plants sampleelse endophytes colonising
the roots may benefit from higher nutrient and waethe roots where major
nutrient absorption and transport takes place. |8imeports have indicated high
numbers ofFusarium spp. in banana tissues (Speijer, 1993; Schuetet.,
1995b; Griesbach, 2000; Pocasangral., 2000; Niere, 2001). Isolates from the
corms and the pseudostems were isolated at lowgquéncies than those from
the roots. Though few in their occurrence, thestaiss are likely to be adapted
to physiological conditions pertaining to thesenplparts and therefore may be
used to target banana pests attacking these pattsas the banana weevil, as

indicated in earlier studies (Griesbach, 2000).

Endophytic populations were higher in lower altgadf Kilifi region compared

to highlands of Meru region. Environmental factansl predisposition of the host
plants is apparently important for successful iifec by the endophytes as
shown by the preference Blisarium spp. for cultivars grown in warm and dry
conditions (Kilifi isolates). This compare with thesults of Strobel (2003) who
reported that perennial plants growing in drierioeg are host to a greater
diversity than their counterparts growing in theleo regions, which were partly

attributed to environmental stresses.
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The occurrence of endophytes from the joints betvike sucker and the mother
plants is a great indication that there is transirsof endophytes from one plant
to the other or simply from the mother plant to thecker. The presence of
endophyticF. oxysporum colonising the joint offers promise of transmissiof

endophytic strains with antagonistic effects to atdes from the mother plant

to the sucker plants in the same ratoon.

In the light of the overall objective of the curtestudy, isolation and search for a
new fungal strain for biological control of bananamatodes, the isolation of
endophytic fungus demonstrated thHat oxysporum is the most promising
candidate based on the frequency of occurrenceisblagion frequency gave the
indication thatF. oxysporum is adapted to an endophytic lifestyle. It was
therefore concluded that by virtue of the high érelcy of occurrence in banana
plants and the fact that it also occured in mameioplant parts apart from the
roots it has the capacity of being able to colorase persist within banana
plants. As an effective biocontrol agent, the erngtgs must posses the ability to
succesfully colonise the planE. oxysporum demonstrated this ability and
therefore was screened for antagonisim againstniaaparasitic nematodes as

discussed in the next chapter.
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CHAPTER 3

IN VITRO SCREENING OF ENDOPHYTIC FUSARIUM
OXYPORUM FOR BIOLOGICAL CONTROL OF TWO
BANANA NEMATODES ( Pratylenchus goodeyi and
Helicotylenchus multicintus)

3.0 Introduction

The banana lesion nematoderatylenchus goodeyi and the spiral nematode,
Helicotylenchus multicintus are among the major constraints to banana
production in Kenya (Gichure and Ondieki, 1977;aumeet al., 2003). In Kenya,

P. goodeyi and H. multicintus have been observed in bananas in the coastal
region as well as in Central and Western provir{&shuet al., 1998b). Yield
losses caused bl. goodeyi range between 30-69% in Kenya (Qaim, 1999a;
Wanzala, 2005). At higher densitibls multicintus may cause toppling over and
lesions in the corms just similar to those causgdrdmopholus similis (Luc et

al., 1990). The majority of banana producers in Keasa small-scale farmers,
making chemical control aiematodes unaffordable due to high costs (Seshu

al., 1998b).

Management of. goodeyi and H. multicintus in Kenya has relied on use of
cultural methods, such as the use of healthy, iplg@nnhaterial obtained from
pared and hot water-treated suckers, and tissuareuplants (Speijegt al.,

1995b; Speijeret al., 1999). These methods have however not been igHect
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offering only temporary control of nematodes. Agsult, nematode reinfestation
in the fields occurs readily to newly planted bamatants (Stanton, 1999; Speijer
et al., 2001). Biological control oP. goodeyi and H. multicintus using fungal
endophytes opens up a novel method towards nematadagement especially
for the resource poor farmers in Kenya and Afri€aeviously, fungal
endophytes have been shown to successfully conamlatode in other crops
such as tomato (Hallman and Sikora, 1994). Additilgn fungal endophytes
isolated from healthy banana roots were shown tseaematodes mortality
duringin vitro experiment and even offer protection against nedes to tissue
cultured banana plants in screenhouse trials (Raogas, 2000; Niere, 2001,

Duboiset al., 2004; Athman, 2006)

There are several mechanisms by which endophyteteqgdr plants against
nematodes. Production of a wide array of secondaeyabolites that cause
antibiosis has been documented as the main moaletioh of fungal endophytes
against plant nematodes (Alabouvette and LemancE2@9Q; Athman, 2006;
Duboiset al., 2006a). In addition, literature documents thairdyin vitro trials,
F. oxysporum endophytes from tomatoLycopersicon esculentum L.) produced
secondary metabolites which reduced nematode Ingtcimnd caused juvenile
mortality (Hallmann and Sikora, 1996f. oxysporum endophytes have been
demonstrated to cause vitro mortality and paralysis oR. similis (Athman,

2006).
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The potential of F. oxysporum as a novel strategy in banana nematodes
management has never been investigated in theipdétnya. Therefore the
objectives of this study were 1) to screen foreffects of metabolites produced
by endophytic F. oxysporum isolates from Kenyan bananas against two
nematodes specie®.(goodeyi (Sher and Allen) andd. multicinctus (Cobb)
Golden) and 2) to determine the efficacy of variemslophyticF. oxysporum

isolates on the two nematodes spedreggodeyi andH . multicintus).
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3.1. Materials and methods

3.1.1 Nematode inoculum

Fifty tissue-cultured banana plantlets (cv. Grosghdl) were obtained from
Jomo Kenyatta University of Agriculture and Techlogyt (JKUAT, Nairobi,
Kenya), planted in 20 litre buckets (12.5 cm diaanel3 cm depth) containing
soil mixture (2: 3 (v/v) sand: forest soil) in asenhouse (30°C and 12: 12 L: D)
and watered twice a week. After two months, theyeweach inoculated with 100
g cut roots from nematode-infested banana plants Gross Michel, AAA)
obtained from farmers’ fields around JKUAT. Platglevere inoculated with cut
roots by placing them on the plantlets’ roots befaovering with the soil
mixture. After 10 months, ten roots with70% root necrosis were collected from
each plantlet and transported to the laboratorgalythene bags for nematodes

isolation.

3.1.2 Nematode extraction

Under running tap water, all soil was washed of tloots. From each root
sample, five roots were picked at random and cahstrersally to assess

nematode damage

Five nematodes infested roots were cut into 2 praces and a sample (10 g)
macerated using a blender for 15 s in 75 ml stdrgglled water. The suspension

from roots of each plantlet were each poured séglgran to different modified
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Baermann dishes and left undisturbed on the labigrabench for 24 h.
Nematodes suspensions from each Baermann dish tveereferred separately
into 250 ml beakers. The suspensions were leftté4nds for one hour and
concentrated by siphoning off the excess water twlame of 20 ml in each
beaker using a pipette. The concentrated suspensiere then sieved using a
38 um sieve and backwashed into sterile 20 ml gtagfies. One hundred
microliters of the nematode suspension was putmenaatode counting slide and
the number of living nematodes was determined lecieg P. goodeyi andH.
multicinthus) and development stage (female, male or juverilejnatodes were
identified using various characters such as totadlyblength, shape of the
tail,location of the vulva, length of the conicarpof the stylet, distance of the
dorsal aesophageal gland opening behind the Hglebs as percentage of the
stylet, number of annules from vulva to the analthumber of annules among
other factors as described in nematodes idenidicathanual used during this
experiment (Maiet al., 1971). Where the nematodes population was low,
nematodes concentrated solutions were mixed togatitesieved using a 38 um
sieve to have more concentrated nematodes suspsnsithe nematode
suspensions of. goodeyi and H. multicinthus at all developmental stages
(female, male or juvenile) were pooled together aadjusted to 100

nematodes/100 pl.
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3.1.3. Selection oF. oxysporum isolates

Isolates off. oxysporum selected for screening in this study were obtaiineoh
Meru and Kilifi districts, Kenya as discussed irapter two. The isolates were
selected based on banana variety and plant papef&fces 1 and 2). In total
twelve fungal isolates collected from Meru isolatesre selected. Thirteen
fungal isolates were selected from Kilifi samplégandom. The isolate V5W2,
which was originally isolated and tested in Ugaradal found to be highly
effective againsk. similis (Athman, 2006), was included for comparison. Two
controls were also included i.e. sterile distillgdter at pH 7, and potato dextrose
broth (PDB) with pH adjusted to the average pHha fungal culture isolates

(Appendices 4 and 5).

3.1.3 Preparation of fungal culture filtrates

Isolates were stored in 2.5 ml Eppendorf tubesrafridjerated at 4°C prior to the
study (Chapter 2). Synthetic nutrient agar (SNAp(KH,PO4, 1 g KNG;, 0.5 g
MgSQ,7H,0, 0.5 g KCI, 0.2 g glucose, 0.2 g sucrose, 0.6NaDH (1 M) and
13.2 g agar/l sterile distilled water (SDW)) wasp#insed into 90 mm diameter
glass Petri dishes. Under sterile conditions, onterf paper containing
endophytes from each isolate was placed on anithdiV Petri dish containing
SNA in dublicate. Petri dishes were sealed usingfpan, labeled and incubated
for 7 days in the laboratory (26 and 12: 12 L: D h photoperiod). From each

isolate three blocks of media ¥11 cm), were cut from each Petri dish and placed
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together into 100 ml pyrex bottle containing 80autoclaved (121°C for 15 min)
potato dextrose broth (PDB) (12 g PDB/I SDW). Cohtflasks containing PDB
were left uninoculated. The cultures were incubated two weeks in the

laboratory with manual shaking of the flasks oncap

3.1.4 Preparation of culture filtrates

Fungal cultures were transferred into sterile 4Gmehtrifuging bottles and
centrifuged at 6000 rpm at centrifugal force of{2@) (Pierce, 2005) for 15 min.
The supernatant obtained was transferred asepticadl sterile 25 ml universal
glass bottles. The pH of the fungal filtrates wa$ednined by dipping sterile
electrode of a pH meter into universal bottles aomibg the supernatants aseptic
conditions. Three repeats of pH measurement wemedaout per isolate and
average recorded (Appendix 4 and 5). The pH of afnhe control treatments
(PDB) was adjusted to the average pH of all furcgéture filtrates (Tables 3 and

4). The culture filtrates were kept for 24 h at 4°C

3.2 Bioassays

For each isolate, one milliliter of culture filtest as described in section 3.1.5
was transferred into 7 ml sterile glass Bjorn lesttiThe culture filtrates were
mixed with 100 pl of SDW containing 100 mixed sgscand stages of two
nematodes specie®.(goodeyi and H. multicintus). Control treatments were

similarly mixed with 100 pul of SDW containing 10@matodes (mixed species).
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The bioassay was conducted in a completely randaidesign and repeated

thrice. The bioassays consisted of three repligadessolate.

For each nematode species and stage, the numbetiwé, paralysed and dead
individuals were recorded after exposure to cultiiiteates at 3, 6 and 24 h.
Active nematodes were considered to be those neesmtwith normal sigmoid
shape and exhibited active movement, while pardly@enatodes were not active
and were curved (never in a straight position) wherdead nematodes appeared
straight (uncurved) with elongated bodies. For ea@matode species and stage,
the percentage dead and paralyzed nematodes wereedas percentages of the

initial number of nematodes.

After 24 h, nematodes were concentrated througl® aurd sieve, rinsed with
SDW and transferred into sterile 7 ml Bjorn botteestaining 2 ml SDW. The
nematode cultures were left in the laboratory foraaditional 24 h to test for
reversibility of the toxic effects of the nematodeematodes were probed with a
fine needle under a compound microscope (magnidicat 200) and those which

were elongated and remained immotile even aftdsipgowere considered dead.
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3.3 Data collection and statistical analysis

Percentage mortality values were corrected from oaostrol (water) using
Abott’'s formula (Abbott, 1925). Levene test was disto test variances
homogeneity. Percentage corrected mortality andlysis values were arcsine-
squareroot transformed prior to analysis of vara(&NOVA). ANOVA was
used to determine single and factor interactioea$f using PROC GLM (SAS,
2001). Where factor interaction was significang #ffects of one factor were
analysed at each level of the interacting factonewe effects of the factors were
significant, means were compared using Tukey t€strected mortality and
paralysis were analysed separately for isolateleated from Meru and Kilifi

districts each on two species of nematodeggodeyi andH. multicinctus).
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3.4 Results

3.4.1 Effects of fungal culture filtratesisolated fom banana plants sampled

from Kilifi district, Kenya

3.4.1.1 Mortality of P. goodeyi and H. multicintus after 3hrs of exposure to

fungal filtrates of endophytic isolates from Meru

The efficacy of the tested endophytes were sigamifily (P < 0.0001) higher than
the controls. The endophytes caused corrected litiegaof between 43% to
59% for bothP. goodeyi andH. multicintus after 3 hrs of exposure. At the same
time period the corrected mortalities in the colstravere upto 28%. The
mortalities of the two nematode specieB. @oodeyi and H. multicintus)
significantly (P < 0.0001) varied with the expostinees and isolates. Since, the
effect of the isolates on nematode mortality depdnah the exposure time (df =
28, F = 2.66, P < 0.0001) the effects of the engitgshwere analysed separately
at each time of exposure. Likewise, mortality vargegnificantly (P < 0.0001)
between the two nematodes species and therefaretineected mortalities were
not pooled. The Uganda isolate V5W2 did not perfamy better compared to
most Kenyan isolates (Fig 1). Filtrates from thaage 5JTOC134, produced the
highest percentage mortality (59.5 %) &n goodeyi, while the lowest was
recorded in the control (PDB) at 16.6%. The higimesttality onH. multicinctus

after 3 h exposure to culture filtrates was recdriilem isolate 5SMR55 at 59.1%.

64



PDB (control) had the lowest mortality &h multicintus at 28.9%. V5W2 caused
CM of 47.1% onP. goodeyi and CM of 56.9% ond. multicintus, respectively

(Fig. 1).
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Figure 1. Mortality (%) of Pratylenchus goodeyi and Helicotylenchus
multicintus after 3 hrs of exposure to culture filtrates aftden endophytid-.
oxysporum isolates from banana plantglisa spp.) obtained from Meru district,

Kenya. Each bar represents means and standard efrihwee bioassays repeated
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three times. (Percentage mortality was obtainedguabotts corrected mortality

formula) (Abbott, 1925).

3.4.2 Mortality of P. goodeyi and H. multicintus after 6 hrs of exposure to
fungal filtrates of endophytic isolates from Meru.(Corrected mortality using

abbotts formula)

After 6 h of exposure, culture filtrates caused tadres of upto 74.1% and
59.0% onP. goodeyi andH. Multicinctus, respectively. More oP. goodeyi than
H. multicinctus succumbed to the antagonistic nature of the isslatetabolites
after 6 h of exposure compared with 3 h exposurg. (F and 2). The control
(PDB) still caused significantly lower Corrected niadity to P. goodeyi after 6 h
exposure to culture filtrates (P < 0.0002). Isolai@OC134 continued to cause
the highest mortality orP. goodeyi (82.6%) after 6 h of exposure to culture
filtrates compared to the control which caused atahty of 24.1%. Isolate
5MR55 caused the highest mortality of 79.3%HanMulticintus after 6 h (Fig.

2).
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Figure 2: Mortality (%) of P. goodeyi andH. multicintus after 6 hrs exposure to
culture filtrates of thirteen endophyti€ oxysporum isolates from banana plants
(Musa spp.) obtained from Meru district, Kenya. Each tepresents means and
standard errors of three bioassays repeated fimes.t(Percentage mortality was

obtained using abotts corrected mortality form@ebott, 1925).

67



3.4.3 Mortality of P. goodeyi and H. multicintus after 24 hrs of exposure to
fungal filtrates of endophytic isolates from Meru.(Mortality corrected using

abbotts formula)

After 24 h of exposure to fungal filtrates, nema&®dorrected mortality rose to
83%. At this time period®. goodeyi appeared to be more affected by the
endophyte filtrates except for those treated wiiifates isolates 2MOC211 and
2MR23. Filtrates from isolate 5SMR55 continued tdiéxt strong effect orH.
multicintus causing the highest corrected mortality of 85.4%alate 5JTOC134
caused a corrected mortality of 82.6% Rogoodeyi while V5W2 caused a
corrected mortality of 79.5%. The control (PDB),intained a significantly (P <
0.0001) lower corrected mortality of 28.3 and 3266 P. goodeyi and H.
multicintus, respectively (Fig. 3). All the filtrates differesignificantly (P <

0.0001) from the control (PDB).
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Figure 3: Mortality (%) of P. goodeyi andH. multicintus after 24 hrs exposure to
culture filtrates of thirteen endophytic oxysporum isolates from banana plants
(Musa spp.) obtained from Meru district, Kenya. Each tearesents means and
standard errors of three bioassays repeated fimes.t(Percentage mortality was

obtained using abotts corrected mortality form@ebott, 1925).
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3.4.3 Effects of culture filtrates of endophyticF. oxysporum isolates on
paralysis of P. goodeyi and H. multicinctus (Isolates collected from Meru

district)

The time of exposure and filtrates caused sigmfi¢R < 0.0001) variation in the
paralysis of two nematode speciésgbodeyi and H. multicintus). Paralysis of

the two nematodes species did not differ signifilyainom each other. The effect
of the filtrates depended on the time of exposarailuencing the paralysis of
the two nematodes species (df = 28, F = 4.0, P080Q). Thus nematode

paralysis caused by culture filtrate was analysexheh time of exposure.

3.4.3.1 Paralysis oP. goodeyi and H. multicinctus to fungal filtrates

After 3 h exposure, the highest percentage pasal{gf.7%) onP.goodeyi was
recorded from culture filtrate of isolate 5SOPBMIl the isolates did not
significantly (P > 0.0001) differ from each otheut they differed from control
(PDB) (9.5%). After 6 h exposure, there was a desgan paralysis recorded in
all of the isolates to both species of nematoddisth& filtrates did not differ
from each other and neither from the control a#h exposure (P > 0.05) (Fig.

4).
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Figure 4: Paralysis (%) oP. goodeyi across three times of exposure to culture
filtrates of thirteen different endophytic oxysporum isolates from banana plants
(Musa spp.) sampled from Meru district, Kenya. Each liepresents means and

standard errors of three bioassays repeated fimes.t

However, forH. multicintus the highest paralysis after 3 h of exposure ttucel
filtrates was 33.4% from isolate 4AMOC321 (Fig. lBcrease in exposure time to
6 h led to decrease in percent paralysis with tgkdst paralysis recorded from

filtrates of isolate 4AMOC321 at 26.6%. All isolatdid not differ from each other
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in causing paralysis tBl. multicintus after 24 h exposure. The lowest paralysis

was observed in culture filtrates of isolates SMR53.69% (Fig. 5).
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Figure 5: Paralysis (%) ofH. multicintus across three times of exposure to
culture filtrates of thirteen different endophytie oxysporum isolates from
banana plantsMusa spp.) sampled from Meru district, Kenya. Each line

represents means and standard errors of threeshymasepeated three times.
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3.5 Effects of fungal culture filtrates from Kilifi district endophytic F.

oxysporum on mortalities of P. goodeyi and H. multicinctus

Isolates from Kilifi district were tested for molitg and paralysis ofP. goodeyi
and H. multicinctus using culture filtrates of thirteen endophytic gunsolated
from healthy bananas. The time of exposure (df E 2,597.59, P < 0.0001) and
isolates (df = 14, F = 348.89, P < 0.0001) causgdifecant variation in the
mortalities of two nematode species (P = 0.0002y¢odeyi andH. multicintus).
The effect of the culture filtrates interacted witfie length of exposure of
nematodes in causing mortalities of the two nenmegapecies (df = 28, F = 5.28,
P < 0.0001). Data was therefore analysed on trectsffof filtrates effects on

each nematodes species and each time of exposure.

3.5.1.1 Mortality of P. goodeyi and H. multicinctus after 3 h of exposure to

fungal filtrates of isolates from plants sampled irKilifi district

The results of culture filtrate isolates from Kililere comparable to the ones
obtained with the Meru isolates. All the filtratelffered significantly (P <
0.0001) from the control (PDB) after 3 h expostiérates differed significantly
(P < 0.0001) from each other in causing mortalitPgoodeyi Lowest mortality
was recorded in the control (PDB) which was 10.@Bdtrates of isolate
7MIC334 caused the highest mortality at 62.6%Homulticinctus after 3 hrs of

exposure.
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Figure 6: Percentage mortality oP. goodeyi and H. multicintus after 3 hrs
exposure to culture filtrates of thirteen endophygi oxysporum isolates from
banana plants Musa spp.) obtained from Kilifi district, Kenya. Eacharb
represents means and standard errors of threeshiymmsepeated three times.
(Percentage mortality was obtained using abottsected mortality formula)

(Abbott, 1925).
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3.5.1.2 Percentage mortality ofP. goodeyi and H. multicinctus after 6 h

exposure to culture filtrates

All the isolates differed significantly from the mwol. Filtrates of isolate
7MIC334 caused the highest corrected mortality Bn goodeyi and H.

Multicintus (Fig. 7).
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Figure 7: Percentage mortality oP. goodeyi and H. multicintus after 6 hrs
exposure to culture filtrates of thirteen endophyai oxysporum isolates from

banana plants Musa spp.) obtained from Kilifi district, Kenya. Eacharb
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represents means and standard errors of threeshysmsepeated three times.
(Percentage mortality was obtained using abottsectesd mortality formula)

(Abbott, 1925)

3.5.1.3 Percentage mortality ofP. goodeyi and H. multicinctus after 24 h

exposure to culture filtrates

Mortality of both nematodes species was highesr &t h exposure to culture
filtrates from all isolates. There were significahitferences among the various
isolates (P < 0.0001). The best culture filtrateeraB h of exposure (7MIC334)

continued to cause the highest mortality after 24 éxposure at 87.8% (Fig. 8).
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Figure 8 Percentage mortality dP. goodeyi and H. multicintus after 24 hrs
exposure to culture filtrates of thirteen endophyai oxysporum isolates from
banana plants Musa spp.) obtained from Kilifi district, Kenya. Eacharb
represents means and standard errors of threeshysmsepeated three times.
(Percentage mortality was obtained using abottsected mortality formula)

(Abbott, 1925)
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3.5.3. Effects of culture filtrates of endophyticF. oxysporum isolates on
paralysis of Pratylenchus goodeyi and Helicotylenchus multicinctus (Isolates

collected from Kilifi district)

Paralysis ofP.goodeyi and H. multicinctus was recorded after exposure to
thirteen different endophytiE. oxysporum from Kilifi district in three exposure
time intervals. There was significant differenceahe time of exposure (df = 2, F
= 205.52, P < 0.0001) on paralysisRvfatylenchus goodeyi andHelicotylenchus
multicintus. The effect of the culture filtrates dependedlmntime of exposure in
influencing the paralysis of the two nematode sgeeis indicated by a two way-
interaction (df = 28, 91; F= 7.58, P < 0.0001). lwer, paralysis of the two

species of nematodes did not differ significantly< 1, F = 1.32, P = 0.2511).

3.5.3.2 Paralysis oP. goodeyi exposed to culture filtrates from Kilifi district

All the culture filtrates significantly (P < 0.00pdiffered from the control (PDB)
in causing paralysis t®. goodeyi (Fig. 9). Paralysis orP. goodeyi at 3 h
exposure was highest at 35.2% from filtrates ofaigo 7MIC334. Paralysis
continued to drop after 6 h exposure to cultutteafies reaching a high of 23.7%
(for isolate 9SC344). Most of the culture filtratitom different isolates did not

significantly differ from each other. After 24 h ekposure, filtrates of isolate
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7MIC334 recorded the lowest paralysis Bf goodeyi at 4.44%. The highest

paralysis was recorded from culture filtrates ofase 9SC344 at 18.4% (Fig. 9).
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Figure 9: Paralysis (%) oP. goodeyi across three times of exposure to culture
filtrates of thirteen different endophytiEusarium oxysporum isolates from
banana plantsMusa spp.) sampled from Kilifi district, Kenya. Eachndi

represents means and standard errors of threesbisarepeated three times
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Figure 10: Paralysis (%) ofH. multicintus across three times of exposure to

culture filtrates of thirteen different endophyttasarium oxysporum isolates

from banana plantsMusa spp.) sampled from Kilifi district, Kenya. Eaciméi

represents means and standard errors of threesbisarepeated three times
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3.5 Discussion

Results from this study demonstrated an antagongsfect of culture filtrates
from all endophytid=. oxysporum isolates against the two nematodes species of
banana R. goodeyi and H. multicinctus). Out of the total thirteen endophytic
isolates from Meru district, five isolates producednsistent mortalities and
paralysis to bothP. goodeyi and H. multicinctus. These isolates included
5JTOC134, 5SOPB11, 4M0C321, 4SIC132 and 5MR11. IBgt@ize fungal
isolates from Kilifi district which demonstratedrstency in causing mortality

and paralysis were 7MIC334, 8SIC334, 11MOC143, 125a&hd 11MOC353.

The fact that filtrates did not contain any spomdser centrifugation and
filtration; it was a strong indication that fungablates under the current study
produced nematicidal metabolites that were antajonio the two species of
nematodes. Previous studies femsarium spp have demonstrated that fungi can
produce toxic secondary metabolites such as zearaa fumonisins,
tricothecenes and fusaric acid (Velyal., 2001). Inin vitro trials, Fusarium
mycotoxins, such as T2-toxin, monilliformin, veranm A, cytochalasin B and
Enniatin B, caused significant mortality d¥leloidogyne javanica (Treub)
Chitwoodi juveniles (Ciancio, 1995). Culture filtes of non-endophytic strains
of Penicilliun oxalicum Currie & Thom, Penicllium anatolicum Stolk and
Aspergillus niger Van Tieghem were able to cause mortalitRt@imilis after 48

h immersion (Molina and Davide, 1986). Recentlylture filtrates from
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endophyticF. oxysporum have been shown to causevitro mortality onR.
similis supporting the concept of production of nematicidatabolites (Athman,

2006).

Though PDB was prepared from an equal volume oflestdistilled water, there
were variations in pH of the same culture filtrate®r time, since new culture
filtrates were prepared per replication. The isdatvere cultured for similar
number of days under similar lab conditions. Pdsesiasons for the differences
in pH could have been growth rates of the fungusickvwere variable among
different fungi isolated from different plant paesd different regions. However,
previous studies have shown that pH (PDB) had fexadn nematodes mortality
or egg hatchability duringn vitro tests onMeloidogyne incognita (Pike et al.,
2002; Meyeret al., 2004), thereby ruling out any effect of pH in tberrent

study.

Time of incubation of endophyti€. oxysporum was constant (14 days) and was
regarded as the period when the fungus had thes$tigirowth. However, the
growth rates of the fungus varied across the differsolates under the study. It
is therefore possible that the rates of growth &ladffect on the production of
mycotoxins and thereby affecting the levels of gatasm of individual culture
filtrates to individual nematodes species. Therdifigs are similar to those of
Cayrol et al. (1989) who obtained highest toxins productionrrthe fungus

Paecilomyces lilacinus during prime growth period (10 days). Similarythfan
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(2006) and Duboist al. (2004) observed that culture filtrates of endaighF.
oxysporum across the bioassays differed in causing madslitdespite
maintaining constant experimental conditions. Tfeeszpossible reasons for the
variations in individual culture filtrates in cangimortalities on nematodes could

be levels of mycotoxins production from the fungugiured.

The time of exposure of nematodes to fungal culfiltrates had a great impact
on nematodes mortality. The longer the time of expe, the higher thm vitro
mortality recorded. After rinsing the nematodes &mther exposure of 24 h in
SDW, the toxic effects were not reversible resgltia mortality of up to 90%.
This concurs with findings by (Athman, 2006), whechigved nematodes
mortality of up to 100% after 24 h exposure. Longposure times of
nematodes to culture filtrates (72 h) has also Is#envn to produce mortality of

100% onMeloidogyne incognita (Hallmann and Sikora, 1996).

Nematodes paralysis decreased with increase in ¢fnexposure for all the

culture filtrates. Higher paralysis of nematodes wahieved after the first 3 h of
exposure to fungal filtrates. The percentage paigslgecreased with time for
most of the fungal culture filtrates. After 24 h efposure, most of the isolates
resulted to low paralysis. Decrease in paralysis dize to death of nematodes
after a longer time of exposure to culture filteat& herefore the number of
paralysed nematodes decreased with time acrosexperiments for all the

isolates. However there were exceptions where ptage paralysis increased
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with time, meaning more nematodes were paralysethdyungal culture filtrate
than causing mortality. There were instances wileeee was reversibility of
toxic effects on nematodes that had undergone ysisahfter the 24 h exposure
to fungal culture filtrates. Such is demonstrated isolates with increased
paralysis after the 24 h of fungal culture exposamd rinsing in sterile distilled
water. According to Cayradt al. (1989), there was reversibility of toxic effects
in in vitro tests with culture filtrates ofPaecilomyces lilacinus to nematodes
when they were exposed to culture filtrates fos ldgan 48 h. Similarly, these
results would agree with the hypothesis of a neoapbtic action upon the
nervous receptors of the nematodes. However mesthario such neurotrophic

actions need to be established.

The data obtained in the current study demonstratedality rates on both
species of nematodes after time exposure of 24 thasbest time giving the
separation among the isolates under the study.efdreras a basis of selecting
candidate endophyti€. oxysporum isolates for future trials the 24 h time of
exposure would be regarded as the best. The resutisspond with the findings
of in vitro tests of endophytiE. oxysporum againsiR. similis in Uganda (Dubois
et al., 2004; Athman, 2006). There were few significdifferences among
culture filtrates in causing paralysis and therefparalysis on nematodes was not
used as a criteria in selecting isolates. This isantrast to earlier reports where
paralysis had been used as a basis of selectithe dfest isolates fan vivo test

with banana plants. Mortalities across the indiaidtimes of exposure were
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regarded as the best criteria for selecting caneliddrains of endophytic

F.oxysporum isolates for further trials.

Isolates from two sampling regions did not diffeorh each other in causing
mortality or paralysis on two species of nematodéss is a clear indication that
there is similarity in biology and biochemistry thfe endophytes from similar
plant species despite geographical location. Sityjlthe mode of action can be

assumed to be the same for isolates from the tmpléag locations.

All the isolates tested demonstrated mortality wo species of nhematodeB. (
goodeyi and H. multicinctus). Those showing high mortality oR.goodeyi
equally demonstrated high mortality ¢h multicinctus. The effectiveness of
these single strains against both species of nelasiis a roadmap of possibility
of using a single endophyte strain to target twgomapecies of nematodes

which usually occur together in banana orchards.

Nematicidal components of fungal culture filtratand specific phytotoxins
produced by such fungi have received little attemti Though literature
documents thaFusarium spp have been shown to produce mycotoxins such as
moniliformin , cytochalasin B and verrucarin A thaad toin vitro mortality of
meloidogyne javanica (Ciancio, 1995), little information exist on myoatns
produced by endophytiE. oxysporum leaving room for further research on the

isolates tested in this study.
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The study demonstrated that endophfaioxysporum isolates are a rich source
of bioactive nematicides that can be incorporatedhe production of tissue
culture plants towards the management Fof goodeyi and H. multicintus.
However, there is need for further identificatiohtleese isolates through gene
sequencing to determine their similarities and gdgsdentification of genes
responsible for the production of these nematicodahpounds. This information
will open a new avenue for sustainable banana ptamuespecially for the rural
small-scale farmers. These results of this studgicate the potential of
endophytic fungi as biocontrol agent against bansraatodes. It will lead to
fortification of tissue culture banana seedlingdoefthey are delivered to the
farmer and would be an important inclusion in IPK good agricultural

practices.
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CHAPTER 4
GENERAL DISCUSSION AND CONCLUSION

4.0 Discussion

The occurrence dfusarium oxysporum in higher frequencies than the rest of the
Fusarium species isolated from healthy banana plants dutimg study
confirmed earlier reports (Schustgral., 1995b; Griesbach, 2000; Niere, 2001)
that F. oxysporum is a natural inhabitant of banana plants. Appareatthough
different surface sterilisation techniques weredugering these previous studies,
nearly identical fungal endophytic fungi distribari was observed. Outward
hyphal growth from the internal tissues of surfaterilised banana plant parts
was the main indicator of endophytisim in the cotrstudy as well as in the
previous reports. Other similar observations of ogigytisim have been

documented in litrature (Petrini, 1986; Petrini91}

The identification of Fusarium in this study involved morphological
characteristics of the anamorph, which included ¢ime and the shape of
macroconidia, the presence or absence of micrdzgni and  the

chlamydosphore, colony colour, and conidiophoreaciire as described by
Nelsonet al. (1983). Such morphological characteristics areujpe¢o date basis
of fungal identification (Gams, 1992). However givéhe shortcomings of
morphological characters for delineating specied anbgeneric grouping of
Fusarium, molecular gene sequencing could in future imprtwe taxonomic

observation. It was not the objective of this stuwy analyse the isolates
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genetically, but a classification was achieved ulgio macro- and microscopic

observations.

Fusarium spp. was demonstrated to be a major componeraredia plants due
to its high frequency of occurrence. The frequerady occurrence ofF.
oxysporum, which was the most frequently isolated endophytingus was
higher in the roots concurring with other previatsdies (Pocasangmt al.,
2000; Niere, 2001), but also contrasting with (Gi@ch, 2000) who found
higher frequencies of endophyfasariumin the inner cortex of banana plants in
Uganda. In his explanation, (Griesbach, 2000) denismthat higher occurrence
of endophyticF. oxysporum could have been responsible for the lower banana
weevil (Cosmopolites sordidus) damage in the inner corm of the banana plants.
Therefore similar conclusion can be demonstratedn fthe current isolation
process where the higher occurrence of endopRytaxysporum from the roots
could have been responsible for the lower or noatedes damage in the roots

sampled for isolation.

Selection of two agro-ecological zones (Meru andifikdistricts) for plants
sampling was a critical step aimed at elucidatiiiigitnces in endophytic fungi
colonisation based on plants predisposition to remwnental factors such as
different nematodes species pressures, tempe@nwag many others as well as
geographical position. Apparently it was found tthere was higher endophytes
occurrence in Kilifi district (low altitude and Higr temperature and humidity) as

opposed to Meru district (low temperature and lotuemidity) conforming with
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the suggestion by Strobel (2003) that perenniahtplgrowing in drier regions
are host to a greater diversity than their coumtespgrowing in the cooler
regions. Additionally, the host endophyte symbiosss affected by the
environmental conditions under which the host isowgng, especially
temperature. Breen (1994) suggested that the cdwmipptof an endophyte and
its host may be important in determining productadrioxic metabolites by the

endophyte.

Isolation of a new endophytic strain for biologicaintrol of nematodes focused
more on the most frequently isolated mutualistidaghyte -F. oxysporum.
Therefore screening for antagonism against bananzatodesK. goodeyi and

H. multicintus) was only carried out oR. oxysporum spp isolates.

Results from the screening protocol as describedhiapter 3 of this thesis
revealed that all the culture filtrates of endophy. oxysporum hadin vitro
activity againstP. goodeyi and H. muticintus, suggesting that these isolates
produced secondary metabolites that were nemaiticiiolates screened from
two regions of sampling did not differ from eacthert in causing mortality or
paralysis orP. goodeyi andH. multicintus. This is a clear indication that there is
similarity in mode of action of the endophytes frasimilar plant species

obtained from different geographical locations.

There is limited information on the mycotoxins puodd by Fusarium spp,

especially those showing antagonism towards neraatodnfact, there is only
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scanty information that exists on mycotoxins praglcby endophyticF.
oxysporum. The current study demonstrated that the isoldias were tested
could be a rich source of bioactive nematicides ¢tha be harnessed to improve
the management ofP. goodeyi and H. multicintus in bananas among other
nematodes species. These strains could be coedideesearch priority towards
the development of a novel strategy of nematodesagement in tissue cultured

bananas.
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4.1 Recommendations

The current study explored the presence of endephyt banana plants in
Kenya, and conclusively found them present. Thet fdat the in vitro
experiments against the major parasitic nematotlesvesd promising results
opens a new field of research in employing the afsendohytes as biological
control agent against banana parasitic nematodé® iSolates showing
consistant mortalities during in vitro trials thine should be a research priority
towards the use of endophytes as biological coafgeht. Considering the global
need for sustainable means of pests and diseastslcthere is need to address
the importance of endophytes as alternative to atantontrol measures to

nematodes. Specifically, future research shoulgdaged towards;

* Genetic characterisation of the isolates that sklowensistency in

causing nematodes mortality.

* Evaluation of genes responsible for the productbrmetabolites that

showed nematicidal effects to the nematodes uswigaular techniques.

» Screenhouse and field trials are needed to deterthim performance of

the promising isolates recommended in the study.
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APPENDICES

Appendix 1: Plants sampled from Eastern province, Meru diskartya for fungal isolation.

Plot | Plant . Age
No. | No. Variety (yrs) Mother plant Sucker
No. No. of Height | Girth at No. of Height | Girth at
Standing | (M) Pseudostem | Standing | (M) Pseudostem
leaves base (cm). leaves base (cm)
1 1 Giant 6 3 3.5 70 3 50.6 cm 10
Cavendish
2 2 E.A. 4 5 2.6 53 4 79 cm 22
Highland
Banana
(Mutagato
3 3 Giant 4.5 8 4.3 60 3 1.4 m 20.2
Cavendish
4 4 Giant 6 10 3.9 60.6 7 1.3m 30
Cavendish
5 5 Giant 5 6 3.2 75 6 1m 20.6
Cavendish
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Appendix 2: Plants sampled from Eastern province, Kilifi distiKenya for fungal isolation.

Plot | Plant . Age
No. No. Variety (yrs) Mother plant Sucker
No. of Height Girth at No. of Height Girth at
standing g pseudostem base standing g pseudostem bas
(M) (M)
leaves (cm). leaves (cm)
Mkono
1 7 tembo 5 8 4.7 69 5 3.6 34
(EAHB)
2 g |Grand 5 6 23 57 6 2.3 cm 29
naine
3 g |Gant | 4 5 40 61 5 24m 21.3
cavendish
4 10 | Grand 6 8 35 63 7 2m 33
naine
5 11 | Dwarf 4 8 2.6 77 8 2.1m 30
cavendish
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Appendix 3: The species identity and in-plant origin of 13 gpialgic Fusariumisolates obtained from banana plants in Meru
district, Kenya that were screened for antagontsimnotile stages d®ratylenchus goodeyi andHelicotylenchus multicinctus in

the laboratory.

Isolate spp Cultivar Genome  Plant  Stage Plant part
No. of Plant
5MR55 F.oxysporum Giant Cavendish AAA 5 Flowering Roots
5JTOC134 F.oxysporum Giant Cavendish AAA 5 M-S Joint Joint
2MR23 F.oxysporum EAHB-"Mutagato" ABB 2 Flowering Roots
2MOPB11 F.oxysporum EAHB-"Mutagato" ABB 2 Flowering Outer
pseudostem
base
4SR53 F.oxysporum Giant Cavendish AAA 4 Sucker Roots
5S0OPB11 F.oxysporum Giant Cavendish AAA 5 Sucker Outer
pseudostem
base
4M0C321 F.oxysporum Giant Cavendish AAA 4 Flowering Outer corm
4MRA45 F.oxysporum Giant Cavendish AAA 4 Flowering Roots
5MR11 F.oxysporum Giant Cavendish AAA 5 Flowering Roots
2SR54 F.oxysporum EAHB-"Mutagato" ABB 2 Sucker Roots
2MOC211 F.oxysporum EAHB-"Mutagato" ABB 2 Flowering Outer corm
4SIC132 F.oxysporum Giant Cavendish AAA 4 Sucker Inner corm
V5W2 F.oxysporum Kubuzi ISOLATE Flowering corm
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Appendix 4: The species identity and in-plant origin of 13 guiuigic Fusariumisolates obtained from banana plants in Kilifi

district, Kenya that were screened for antagontsimotile stages d?ratylenchus goodeyi andHelicotylenchus multicinctusin

the laboratory.

Isolate spp Cultivar Genome Plant No. Stage Plant part
of Plant
9SR25 F.oxysporum Giant Cavendish AAA 9 Sucker Roots
9SC344 F.oxysporum Giant Cavendish AAA 9 Sucker Inner pseudostem base
8SIC334 F.oxysporum Grand nine AAA 8 Sucker Inner corm
8MIC314  F.oxysporum Grand nine AAA 8 Flowering Inner corm
7SIPSB34 F.oxysporum Mkono Tembo ABB 7 Sucker Inner pseudostem base
(EAHB)
7MIC334  F.oxysporum Mkono Tembo ABB 7 Flowering Inner corm
(EAHB)
11SR23 F.oxysporum Dwarf Cavendish AAA 11 Sucker Roots
11S0OC121 F.oxysporum Giant Cavendish AAA 11 Sucker Outer corm
11MOC353 F.oxysporum Dwarf Cavendish AAA 11 Flowering Outer corm
10SIPSB4 F.oxysporum Dwarf Cavendish AAA 10 Sucker Inner pseudostem
10MOC143 F.oxysporum Giant Cavendish AAA 10 Flowering Outer corm
10MIPB14 F.oxysporum Grand nine AAA 10 Flowering Inner pseudostem base
1013751 F.oxysporum Grand nine AAA 10 Joint Joint
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Appendix 5: pH of endophytid-usarium oxysporum isolates measured in potato

dextrose broth culture filtrates during individimbassays for isolates from Meru

district

Bioassay 1 Bioassay 2 Bioassay 3
Isolate pH pH pH
5MR55 3.8 4 3.9
5JTOC134 4 4.9 4.3
2MR23 3.7 4.1 3.8
2MOPB11 4.1 4 4.2
4SR53 3.8 3.8 3.5
5SOPB11 4.1 3.9 4.3
4M0C321 4.4 4.3 3.9
4AMR45 4 3.7 3.1
5MR11 3.9 4.7 3.5
2SR54 4.1 4.3 4
2MOC211 4 3.3 3.9
4SIC132 3.9 4.3 3.5
V5W2 4.1 4 4
PDB 4.0 4.1 3.8
Water 6.9 7.7 7.1
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Appendix 6: pH of endophytid-usarium oxysporum isolates measured in potato

dextrose broth culture filtrates during individiibassays for isolates from Kilifi

district
Bioassay 1 Bioassay 2 Bioassay 3

Isolate pH pH pH
7MIC334 4.1 4.6 4
9SR25 3.6 5 3.5
7SIPSB34 4.5 3.1 3.5
11MOC353 4.2 3.7 3.9
10MOC143 3.6 3.7 3.6
11SR23 4.2 4.3 4.1
8MIC314 3.6 5.2 3.9
8SIC334 3.8 3.5 3.2
9SC344 4 5 4.6
10SIPSB4 5 4.7 3.2
11S0OC121 4 4.2 3.7
1013751 4.6 4.3 4.1
10MIPB14 3.6 3.9 4
PDB 4.1 4.2 3.8
Water 7.1 6.8 7
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