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ABSTRACT

The Western Flower Thrips (WFTFrankliniella occidentalis (Pergande) is a major
constraint to many cultivated crops in the worldusing important economical yield losses.
They cause direct damage on plants and contribwtdusgvely in the propagation of
tospovirus to plant.

Thrips control is essentially based on the useyofretic chemical pesticides; however most
thrips species including. occidentalisare resistant to a wide group of chemical pestiid
Hence there is the need to develop alternativdesgfies that are environmentally friendly.
Entomopathogenic fungi are among the options beonsidered as a promising alternative
for F. occidentalismanagement. The aim of this study was to develomgal based-product
for the control ofF. occidentalis

Larval stages oF. occidentalisare often considered to befractory to fungal infection as
compared to the adult stage; henceresning of 10 isolates dfletarhizium anisopliae
(Metschnikoff) Sorokin and 8 ddeauveria bassianéBalsamo) Vuilleminwas carried out in
order to select virulent entomopathogenic fungalbi®(s) for their controllThe most virulent
isolates were compared in terms of conidial pradacand genetic polymorphism. All the
fungal isolates tested were pathogenic to the skowtar larvae of WFT, causing mortalities
ranging between 24 and 56%. anisopliaeisolates ICIPE 7, ICIPE 20, ICIPE 69 and ICIPE
665 had the shortest kd values, causing mortalities within 8.0-8.9 daysl. anisopliae
isolates ICIPE 69, ICIPE 7 and ICIPE 20 had theelsit Gy values of 1.1 x 10 2.0 x 14
and 3.0 x 10conidia m*, respectively. In terms of conidia productid, anisopliaeisolate
ICIPE 69 produced significantly more conidia th&e tother two isolates. ITS sequence
comparison indicated that ICIPE 69 differed frora tither isolates for 2bp corresponding to
a restriction site Sfol which could be due to thi#edence in geographical origin. These

results coupled with previous studies on its vingke and field efficacy to other thrips species
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make M. anisopliae isolate ICIPE 69 a suitable candidate for develepmas fungal
biopesticide for thrips management.

In order to understand the underlying genetic meisha behind virulence of thé/.
anisopliaelCIPE 69, 8 isolates dfl. anisopliae(ICIPE 7, ICIPE 20, ICIPE 30, ICIPE 41,
ICIPE 62, ICIPE 63, ICIPE 69 and ICIPE 78), whicdpreviously shown to be pathogenic
to F. occidentalis,were characterized using chitinase gerdsl( chi2, BbTrch and chi4).
Results suggest that although chitin digestion rical in fungal infection, the use of
chitinase genes for genotyping might not be apatgfor virulence characterisation.

The compatibility ofM. anisopliaeisolate ICIPE 69, with 12 agrochemicals in an irgéed
pest management perspective was assessed, undeatdap conditions. The agrochemicals
included 5 insecticides, one botanical insecticRlacaricides, and 3 fungicides, commonly
used in French bean production in terms of congliaduction, vegetative growth and
mycelial mass. The insecticides abamectin and iohiggid were highly compatible with.
anisopliae thiamethoxam was compatible whereas azadiraaniihL-cyhalothrin were toxic
to the fungus. The acaricide spiromesifen was naidBr toxic while the fungicides
carbendazim, probineb and copper-hydroxide werg t@dic to the fungus. The association
of the M. anisopliaelCIPE 69 with imidacloprid or thiamethoxam did n@sult in any
synergistic or antagonistic effects on larvad-obccidentalis However, the combination of
lower concentrations of both fungus and thiamethoxa&sulted in shorter Lg§ values
compared to individual treatments. Our results ssgghat application of the fungus along
with agrochemicals like imidacloprid and thiametaoxcan be an efficient IPM strategy in
pest control.

The intra and inter specific effects of host-plant the virulence oM. anisopliaeon F.
occidentaliswas evaluated in the laboratory. Three varietiedr@nch beanPhaseolus

vulgaris L. var. Alexandrig Julia and Samanthaand Snow pe&isum sativumL. were
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selected for the studys. occidentaliscohorts (Second-instar larvae cohorts of WFT were
reared for three generations before the bioas3dysy were then exposed to pods of host
plants previously sprayed with three concentratiohsl. anisopliae(1 x 1¢f; 1 x 107; 1 x

10° conidia mt*). There were no significant differences in motjabetween host-plants.
However, the comparison of kJ values showed that thrips were more susceptiblenwh
reared onAlexandria Inter specific comparison showed that there weoe significant
differences in Lo between snow pea and the French bean validiy. Results suggest that
intra-specific and inter-specific host-plant efieceed to be taken into consideration during
pest management programmes.

The performance of an autoinoculation deviceMbranisopliaewas evaluated in field cage
experiments for the control df. occidentalisin French bean. Treatments consistediiof
autoinoculationdevicewith semiochemical (LUREM-TR a commercial thripsrattant), a
M. anisopliaetreated device without semiochemical and a funges-tievice as control.
Parameters assessed included conidial acquisitfothiips, thrips mortality, and conidial
persistence in the device. The overall mean ofdiaracquired by single insect was higher
(5.0 + 0.6 x 16 conidia/insect) in théungus-treated semiochemical-baitéelice than irthe
device without semiochemical (2.2 + 0.4 x* ®nidia/insect). The overall thrips mortality
was also higher in thdungus-treated semiochemical-baiteiévice £9.3 = 3.9%)as
compared tdhe device without the semiochemical (41.7 + 3.5%ability of M. anisopliae
conidial was not affected in autoinoculation dewdgéhout semiochemical until 7 days after
treatment. However, it was considerably affectedthe autoinoculation device with
semiochemical, where the conidial viability decezhdrom 81.0 + 1.3%, 2 days post-
inoculation to 6.5 + 1.1%, 7 days post-inoculatidhere was a positive correlation between
mortality and conidial persistence and a negatoreetation between conidial persistence and

conidial acquisition, suggesting that the semiodbahwolatiles significantly affected the
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conidial viability which in turn resulted in sigigant reduction in thrips mortality despite the
highest conidial acquisition in théungus-treated semiochemical-baited deviddrips
density per plant was significantly reduced in bdtle autoinoculation device with
semiochemical (autoinoculation adults/plant) awoudation device without semiochemical
(8.7 £ 1.7 adults/plant) and autoinoculation (6.85.4 adults/plant) as compared to the control
(19.8 + 2.6 adults/plant). These resulsmonstrate the prospects of autoinoculation device
strategy for dissemination oM. anisopliae in the control of thrips, particularly in
screenhouses.

The effects of the entomopathogenic funjisanisopliae(ICIPE 69) infection oT. tabaci
feeding and its competence to vector IYSV in orptant were investigated. Newly-emerged
T. tabacilarvae were allowed to feed on IYSV-infected onlieaves in order to get infection
and to become adults. Newly-emerged adulttabaci were treated with three sublethal
concentrations oM. anisopliae(10°; 1¢° and 10 conidia mI*) and placed in a sterile 9-cm
Petri dish on a clean onion leaf-disc and alloneéeed for 5 days. The numbers of feeding
punctures were recorded daily for five days. Thaluiter in adult insects and onion leaves
was measured using DAS ELISA technique. Infectipivb anisopliaesignificantly reduced
(ANOVA: F3 480= 50.4; P < 0.0001) the feeding punctures by abluiabaci. Although there
was no significant effect dfl. anisopliaeinfection on IYSV titer in adultg. tabacj virus
transmission was significantly reduced (ANOVA:im= 14.4, P = 0.0001) iM. anisopliae
infected insects compared to the control. There avsignificant positive correlation between
feeding punctures and IYSV transmission in onicai-#isc, suggesting th&fl. anisopliae
application in addition to the effective controltbe vector,Thrips tabacican also influence
IYSV propagation by reducing. tabacifeeding punctures. However, further investigations

are needed to determine effectfanisopliaeon IYSV acquisition byf. tabaci
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Introduction

The western flower thrips (WFT)Frankliniella occidentalis Pergande, Thysanoptera:
Thripidae) is among the most important economikaps pest of cultivated crops including
cut flowers, vegetables and fruits throughout tlueldv. Besides direct damages by feeding
and oviposition in the plants, WFT is an efficiesgictor of tospoviruses diseases to plants
(Bakeret al, 1993). The spread of the WFT is related to tlweiased global trade across
international boundaries. The wind also seemsayg ah important role in the distribution of
this pest (Kirk and Terry, 2003).

Over the past decades, synthetic chemical pesticideich are toxic to humans and
hazardous to the environment have been the majuratanethod of managing thrips pests
(Lewis, 1997a; Nderitet al, 2008; Waiganjcet al, 2006). In additiorF. occidentalishas
developed resistance to many classes of synthetimical pesticides (Lewis, 1997a; Jensen,
2004). Requirements of strict compliance to maxmeesidue limit (MLR) norms by

importing countries in the developed world limitgtuse of pesticides in thrips management.

Other techniques such as plant sanitation, theoligarietal resistance and intercropping are
also used to limit thrips population to below ecmcal thresholds levels (Waigangi al,
2006). The use of colored sticky traps and semimiteds is also being developed for thrips
monitoring, mass-trapping and population contra@y®n and Penman 1992; Teulehal,
2010; Berryet al, 2010).

Although F. occidentalishas many natural enemies including predatory mipesasitoids,

entomopathogens (Navon and Aschers, 2000; Loomadsharrai, 1997; Blaeseet al,



2002; Venzoret al, 2002), the use of natural enemies can be efeatigreenhouse but not
in opened field. Entomopathogenic nematodes haea beported to be very efficient but

their efficacy requires certain conditions like lnég constant humidity levels.

All these setbacks aforementioned have triggeredrésearch for environmental-friendly
alternatives

The use of entomopathogenic fungi has emerged adtermative to pesticides. The use of
predatory mites and parasitoids can be effectivegrienhouse but not in opened field.
Entomopathogenic nematodes have been reported teeyeefficient but their efficacy

requires certain conditions like constant humidity.

All these setbacks aforementioned have triggeredrésearch for environmental-friendly

alternatives (Ekest al, 1998).

Due to their ability to invade the insect throudje ttuticle, ease of production, formulation
and application (Fargues, 1984; Butt and Goet®002, the use of entomopathogenic fungi
for the control of thrips has been investigated rogny authors (Ekeset al, 2000;
Vestergaard, 1995; Butt and Brownbridge, 1997; Bnadt al, 1998). In Kenya an isolate of
Metarhizium anisopliaéMetcshnikoff) Sorokin has been investigated fa tontrol of adult
stages ofMegalurothrips sjostedtiThrips tabaciand F. occidentalis (Ekesiet al., 1998;
Manianiaet al, 2003; Manianiat al, 2002) However, it has been reported that larval stages
of F. occidentalisare more resistant to fungal infection than theltastage (Manianiat al,
2002; Vestergaard, 1995; Ugiee al, 2005; Butt and Goettel, 2000). Therefore selectb
isolates infective against larval stage is crustap in the development of entomopathogenic
fungi based biopesticides.

Several host crops of thrips are attacked by variigeases and other pest such as mites,

aphids, white flieetc Management of the above pest and diseases ofteivéd usage of
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different types of fungicides and insecticides.nétethere is a need to clearly understand the
compatibility of biocontrol agent with other inteied pest management tools, which is
crucial for their success and integration in IPkatggies (Manianiat al.,2008).

The effectiveness of the fungus and its adoption ba only enhanced if innovative,
economic and effective application strategies awalable. Inundative release is so far the
only mode of application of the fungus for the gohthrips in a cropping system. In this
regard, autoinoculation devices have been sucdbssieveloped for the control of several
pests like Tsetse fly, fruit fly and leaf miner.n& thrips includingF. occidentalisare
attracted to semiochemicals (Teuktral, 2010; Koschier, 2006), it may be possible to gppl
the autodissemination strategy, whereby insectsateattracted to a semiochemical-baited
inoculation device are infected with the pathogefote they return to the environment
where they can disseminate the pathogen amongobpsiations (Vegat al., 2007). These
autoinoculation devices need to be adapted for nfamagement of thrips taking into
consideration their behavior and ecology.

Plants are known to produce antifungal compounds ithsect may sequester to resistant
fungal infection (Poprawsket al, 2000). Host plants variability affects tremendgube
susceptibility of insect pests to entomopathogé&mgi (Ugineet al, 2006). For instance, it
has been shown that within plant species, differarieties release volatiles that might
inhibit fungal growth and therefore affect the s&x of fungal application (Ekest al,
2000). Food quality in relation to insect optimurevdlopment and fithess can reduce
significantly the susceptibility of insect pestNb anisopliae(Migiro et al, 2011). As such,
there is a need to evaluate the influence of contyngrown on the infectivity of the

entomopathogenic fungi.



Considering all these facts, this study aimed tdr@ss some of the above constraints and
research needs in the development of the fungaddogsoduct for the control oF.

occidentalis

1.2 Justification

Frankliniella occidentalisis a pest to diverse cultivated crops causing ecocal losses.
Synthetic chemical pesticides are the most comnooitral methods. Other control strategies
such as cultural practice and plant sanitatioruaesl in small scale with limited efficacy. The
introduction of the maximum residue limit (MRL) bymporting countries and the
development of thrips resistance to synthetic chalsipesticides underlie the research for
environmental-friendly alternatives. Among the aitdives, entomopathogenic fungi hold
potential because of their proven efficacy in theldf However, larval stages df.
occidentalishave been reported to be less susceptible to fumigetion compared to adult
stage of thrips. There is the need therefore totifyeisolates that are virulent to larvae. Since
the use of fungus-based biopesticide represenysoor® component of IPM, its compatibility
with other components such as agrochemicals usedrdp production and tritrophic
interaction between pathogen/host/host-plant hdsettaken into consideration. Application
strategy to deliver the pathogen is also an impori@spect in the development of a

biopesticide.

1.3 Hypotheses

Isolates ofMetarhizium anisopliaeand Beauveria bassianare not pathogenic to larval
stages of. occidentalis

Fungal isolates are not genetically different.



Vi.

Agrochemicals do not have effect on growth parametentomopathogenic fungus and

its virulence againgt. occidentalis
Host-plant variations do not affect fungal viruleragainsgE. occidentalis

Application techniques of a fungal biocontrol agarg not effective in the management

of thrips in greenhouse.

Infection by fungal pathogen does not affect thxipstor competence.

1.4 Objectives

1.4.1 General objectives

The general objective is to develop a fungal bggeduct for management of the western

flower thripsF. occidentalis.

1.4.2 Specific objectives
Screening of fungal isolates for selection of \@ntl isolates against larval stages-of
occidentalis
Evaluate the compatibility of the entomopathogemiity commonly used agrochemicals
used in French bean production in Kenya.
Develop a sustainable cost-effective applicationhméque of the fungus for the
management df. occidentalign screenhouse.
Investigate interspecific and intraspecific effethost plant on the virulence of fungus.

Investigate the effects of fungal infection on pisrivector competence of tospovirus.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Thrips classification

Thrips belong to the class Insecta in the Orders&hgptera which include Terebrantia and
Tubiliferans. The number of thrips is estimated7@0 thrips of which 5500 are identified
and confirmed (Lewis, 1997a). The gerrankliniella belongs to the sub-order Terebrantia
and family Thripidae. About 180 species are recognized ingdeusFrankliniella mostly
from the New World.Frankliniella occidentalisPergande is the most destructive thrips in
this genus whiclrrankliniella occidentaligs a Terebrantia from the Thripidae family. About
180 species are recognized in the gdrmasmkliniella mostly from the New World. For their
accurate identification new tools such as the Ludichotomic key which is based on
morphological and molecular characteristic of thigpe being developed (Morkz al, 2001,

EPPO, 2002).

Plate 2. 1:Frankliniella occidentalis life stages from egg to adult © Haas, Subramanian
and Moritz.

Frankliniella occidentalisoriginates from western USA and has spread, sir®&0, into
many countries in Asia, Africa, Central and SoutheXkica, Europe and Oceania. In northern
European countries, it is a pest mainly in glasskheubut in southern regions like in Kenya,

it is a field pest, found even on fruit trees (ERRQA02; Lewis, 1997b; Kirk and Terry, 2003)



2.2 Biology of the western flower thripg-. occidentalis

Frankliniella occidentalishas six developmental stages (Plate 2.1), whipltayly occur in
different plant parts (Lewis, 1997b). They lay egyseaf and flower tissue, and also in the
fruits of vegetable crops (e.g. bean pods, capsituits). Larva | and Il thrive on leaves, in
buds and flowers and at the base of some vegetalits. The prepupa and pupal stages
occur in the soil or in hidden plant parts suchtes bases of leaves. Adults are found on
leaves, in buds and flowers. Adit occidentalisare less than 2mm long. Male adults are
light yellow and have narrow abdomens, while ferredelts are larger than the males and
vary in color from light yellow, yellow with browmsplotches, to dark brown. They have
slender bodies with two sets of narrow, clear, Iyeaginless wings that have dark hairy,
fringes (EPPO, 2002).

FemaleF. occidentalisadults live up to 30 days and lay 2—10 eggs per(dablinkhof et al,
1977). At 20 °C, development from egg to adult $axpproximately 19 days. Their eggs are
inserted into soft plant tissues, including flowelesaves, stems and fruit (Lewis, 1997b;

Gitongaet al, 2002).

2.3 Economic Importance

The host range df. occidentalisncludes over 250 species of herbaceous and wolaaysp
belonging to 62 families (EPPO, 2002; Cuthbertsbal, 2005; Lewis, 1997h).

Thrips infestation can cause white or brown spetshe leaves where the plant cells have
been destroyed. These damages are not fair for eoothornamental plants which are most
of the time rejected by customers. This affectaificantly reduces the quality and the export
value of flowers in Kenya (Nderitet al, 2007).

Damages on plants are various:



» Silvering on theabaxial side of thleaves;

* Blemishes on the flowers;

* Flower abortion andropping in case of severe incide;

» Blemishes on the growing beeand their malformation in legumes.

Western flower thrips. occidentali: is also an efficient vector of tospovirus espeygi
tomato spotted wilt virus during feeding (Mound 020 Bake et al, 1993; Lewis, 19¢b).
Tospovirus can infect plants belonging tcfamilies including the Solanaceae, Asterace
Leguminaceae, Brassicaceae, and Bromilic (Mound, 2001; Tsudat al, 199¢, Ullmanet
al., 1995; Whitfieldet al, 2005; Lewis, 1997). Plants infected with tospoviruses are ol
mistaken for fungal and bacte! infection by tospovirus all infection by fungi amécteria
mislead farmers who resort to application of furdgs without any tangible bene To date
there is no efficient method for the managemenbspovirus epizootics. The use of resis
cultivars, plant sanitation and chemical pesticides tiem secommended to farmers (Gro

et al, 2001; Aramburet al, 200(, Bennisoret al, 2001).

Plate 2. 2: Feeding punctures oiFrankliniella occidentalis on a French bean lea©
Nyasani et al.



2.4 Control of Frankliniella occidentalis

Frankliniella occidentalisis usually controlled in commercial greenhouseisiguslifferent
methods like prevention of infestation through a@ement options like synthetic pesticide
application, intercropping, mulching, cultural ptiee (managing crop plants, crop plant
wastes, weeds, soil, and environmental conditian®liminate WFT), biological control

(using predatory insects and entomopathogenic fungi

2.4.1 Chemical control

Chemicals are the most widely used method of thdpstrol (Lewis, 1997a). Diverse
pesticides like chlorpyrifos-methyl, methiocarb, thmidophos, acrinathrin, endosulfan,
deltamethrin and formetanate are used to contrgpsh(Rachappat al, 2007). The most
likely reason for thrips resistance to chemicaltipetes could be explained by the fact that
intensive insecticide used in horticulture in 19&0rsd 1980s has selected an insecticide
resistant strain or strains of WFT. These strainB. occidentalishave then established in
glasshouses across North America and spread frare tto Europe, Asia, Africa and
Australia. The development of pest resistance sedticides necessitates higher doses and
more frequent pesticide applications resultingamtiful side effects on the environment and
non-target species (Jensen, 2004; Broughton andnH@009) Therefore, combinations of
synthetic chemicals with entomopathogenic fungi aften used to control the pest
(Rachappaet al, 2007). Alternation of pesticides is often recoemued to avoid
development of pest resistance. However this cabeoapplied by most of farmers and

smallholders in Africa due to the high-costs oftitic chemical pesticides.



2.4.2 Parasitoid and predatory insects

The use of predators and parasitoids is very commdnological control. Several species
are identified as thrips parasitoids and are bestglied for their integration in pest

management (Loomans and Murrai, 1997; Ludwig anitiri@e 2001).

Parasitoids Ceranisus meng$lymenoptera: Eulophidae) is an effective paraditdithrips
larval stages (Gitonga, 2008)legaphragma priesneKryger, M. mymaripenndimberlake,
Thripobius semiluteuBoucek, Pediobius thysanopteruBurks, Goetheana shakespearei
Girault are very common thrips parasitoids in lsrddegaphragma priesnerKryger, M.
mymaripenneTimberlake, Thripobius semiluteu8oucek, Pediobius thysanopteruBurks,
Goetheana shakespear@irault are very common thrips parasitoids in Isrde@omans,

2006; Kuslitzky, 2003).

Anthocorids bugs particularlyOrius species, are important predators of agriculturatpe
such as thrips, aphids and spider mit€sius laevigatus=ieber;O. strigicollis Popoius O.
albidipennisReuter O. nigerWolff have been reported to be very effective ooirigents of

thrips.

The mirid bug Dicyphus tamaniniiWagner is a polyphagous predator of greenhouse

whitefly and western flower thrips on cucumber (&ai, 1995).

Predatory mites are also used against thripBhytoseiulus persimilisAthias-Henriot,
Typhlodromips montdorensiSchicha are also used to control pest suclirraskliniella
schultzei Trybom, Aculops lycopersiciMassee Tetranychus urticaeKoch in Australia

(Steineret al, 2003). In the same way@mblyseius andersor€Chant, A. californicus Mc
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Gregor, A. cucumerisOudemans and\.. degenerandgerlese feed ometranychus urticae
Koch andF. occidentalidarvae as prey (Jacobsenal, 2001b; Blaesest al,, 2002).

Under ample prey supply, those natural enemiesticptarly O. laevigatushave high
reproductive success on thrips; hence thrips reptea higher prey quality to the bugs

(Zhanget al, 2006; Venzoret al, 2002; Funderburk, 2001).

Integrated Pest Management strategies should rakieconsideration these predators which
play an important role in pest population contrgppecially in greenhouse. However, in case
of heavy outbreaks in field the impact of natura¢mies of thrips is not significant therefore
there is a need to look for other complementaryhodd by associating natural enemies with

other IPM tools (Dowret al, 2009; Ludwig and Oetting, 2001; Jacobsoal, 2001b).

2.4.3 Entomopathogenic fungi

The use of entomopathogenic fungi is very promisiog thrips control (Butt and
Brownbridge, 1997; Ekeset al, 2000). Cuticular infection pathway is an advgetaf
entomopathogenic fungi as comparegé¢o osinfection pathways of other pathogens (Baitt
al., 2001; Goettel and Inglis, 1997; Lacey, 1997)e Hmount of conidia reaching the target
and the application time are very important paramsethat should be standardized for an

effective pest management (Ugieteal, 2007; Ugineet al, 2005).

2.4.3.1Metarhizium anisopliae (Metschnikoff) Sorokin
Metarhizium anisopliaés one of the most utilized entomopathogenic fuiogipest control
(Ugine, 2007 #82; Ugine, 2005 #113). The suscdjyilmf F. occidentalisto M. anisopliae

has been reported by many workers (Vestergaardy #994; Maniania, 2002 #11). Conidia
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germinate and produce appressoria on the hostrwitBi h post-inoculation. The fungus
colonizes the insect hemocoel from day three amdutgtes approximately six days post-
inoculation (Vestergaard, 1995; Maniaetaal, 2002). Application oMetarhiziumcan cause
significant reduction of thrips population growththe field (Ekeset al, 2000; Manianiaet
al., 2002). The spray treatment Metarhiziumsp. strains can cause significant reduction of
WFT population growth in the field (Ekesi al, 2000; Manianiat al, 2002).

Some authors reported synergistic effect betweeretttomopathogenic fungtéetarhizium
anisopliaeand synthetic insecticides, even though this psE®s$s not clearly elucidated
(Borgio et al, 2008; Depieret al, 2005; Irigarayet al, 2003; Moharet al, 2007; Hiromori,
and Nishigaki, 2001; Dara and Hountondji, 2001;zAtleh et al, 2007). Therefore,
combinations of synthetic chemicals with entomopgénic fungi are often recommended

for the control of thrips (Shet al, 2005; Nevest al, 2001).

2.4.3.2 Effects oM. anisopliae on non-target organisms

The safety of fungi against non-target organisnyeeially biological control agents and
vertebrates especially humans needs to be condidermany levels. In considering safety
towards all organisms, the National American Miéablbvorking Group has pointed several
issues: competitive displacement, allergenicityigenicity, pathogenicity to non-target hosts
(Inglis et al, 2001). Studies have compared to synthetic ch@mitsecticides and\.
anisopliaeapplication. It was shown that fungal treatmedtrbt affect beneficial and non-
target organisms as compared to chemical treatnvéile maintaining the population of
thrips under control (Ekesi and Maniania, 2000a).

Studies carried out by CERES-Locutox had reveatessiple contamination dfletarhizium
spp. and Beauvaria sp.on non-target Hymenoptera parasitoids, iBracon hebetorand

Epidinocarsis lopez{Danfa and Van der Valk, 1999)That study was later contradicted as
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the insects were stressed and the rates of comsaid were different from field doses (Stolz

et al, 2002).

2.4.3.3 Mass production oM. anisopliae

A successful microbial insecticide should have Istalrulence and should be amenable for
mass production, formulation and application (Chandt al, 2008; Navon and Aschers,
2000). Conidia are probably the most appropriatepagule for field use due to their
environmental stability under adverse weather dammi as compared to application of
hyphaes or blastospores (Leland and Behle, 200%ink et al., 1998; Soper and Ward,

1981). Mass production using rice as a substrateeisnost commonly used method.

2.4.3.4 Application strategies

Understanding the behavior of a pest is a relestay in efficient control strategy design.
Frankliniella occidentalisis a flower dwelling thrips and prefers secluded @oncealed
parts of plants and also because of frequent ngpltarval stages df. occidentalisare less
susceptible to fungal application (Vestergaard,5199anianiaet al, 2002; Ugineet al,

2007).

Previous studies have shown that the applicatiothmdemay not affect the efficacy of the
fungus (Ugineet al, 2005), but environmental conditions in field andny other factors like
watering, application time, formulation and hosifglpathogen interactions should be
considered during development biological constohtegy for a pest (Boisset al, 1998;
Ugineet al, 2007; Alghaliet al, 1991; Morsello, 2007; Trdaet al, 2003). As such, timely
application could affect the efficacy of fungal pesticides (Ugineet al, 2007), spray

manipulation and the frequency of spray could affedps populations (Uginet al, 2007).
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Therefore the development of an efficient applmatto improve fungal efficacy is of

paramount important in biological control.

2.4.4 The use of attractants in combination with &tky traps

Understanding the behavior of a pest is a relestay in efficient control strategy design.
Thrips are attracted to a certain range of colas @dor which are therefore currently used
for thrips monitoring and control (Ludwig and Ogrgj 2002; Kirk and Hamilton, 2004;
Murai et al, 2000).

Recent studies carried outiaipe have demonstrated the potential of blue colokgt@ards

in attracting exclusivelyF. occidentalisand less attractive to the natural enemies as
compared to the yellow sticky cards (Chetnal, 2004; Subramaniagt al., 2009). Various
compounds such as pyridins, aldehydes (Teebml, 2010) have also been reported to
attract thrips species (El-Sayetlal, 2009; Davidsoret al, 2007) and are being considered
for the control of thrips. Hence, this informatiocesn be used in an autoinoculation system
where thrips are attracted to a device with sen@otbal to infect thrips populations for

effective and sustainable pest control (Vegal, 2007).
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CHAPTER THREE

1.0GENERAL MATERIALS AND METHODS

3.1 Study site

The research work wasonducted aicipe’s Headquarters, Duduville, Nairc. Laboratory

work was undertaken in the Arthropod Pathology WARU) aticipe.

3.2 Thrips colony rearing

Thrips colonies were reared Ahimal Rearing and Quarantine Urnicipe. A colony of F.
occidentalisfrom field collectednsects in ventilated plastic containers (186X 6cm) with
thrips-proof nets and filtggaperin cover. French beaahaseolus vulgarifl) pods collecter
from the greenhouse and surface sterilized withusedypochlorite and rinsed with ster

water were used for rearing.

Plate 3. 1: Rearingcontainers for rearing Frankliniella occidentalis in the laboratory,
icipe, Duduville
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Adults of thrips were allowed to lay eggs on thelfgahree days after pods containing eggs
were removed and placed in another clean contakitter paper and paper towel were
placed below the pods in the container to facditptipation (Loomans and Murai, 1997).
Filter paper and paper towel with pupae were maiath for adult emergence and these
adults were subsequently used for furthering theegaions. Larval instars were identified

based on the number of days after oviposition hadize of the individuals.

3.3. Cultures of entomopathogenic fungi

Fungal isolates were selected from itipe’'s Arthropod Germplasm. They were cultured on
Sabouraud Dextrose Agar (SDA) in 9-cm Petri disted incubated at 25 + 2°C in complete

darkness.

Plate 3. 2:Metarhizium anisopliae and Beauveria bassiana plates cultured on Sabouraud
Dextrose Agar (SDA)
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3.3.1 Preparation of inoculums

Conidia were harvested by scrapping the surfaceguaispatula and suspended in 10 ml
sterile distilled water containing 0.05% Triton X€L in universal bottles containing glass
beads. Conidial suspensions were vortexed for 5Suteén to produce a homogenous

suspension. Conidial concentrations were determis@dy a haemocytometer.

Plate 3. 3: Universal bottles containing 10 ml sugmsion ofMetarhizium anisopliae and
Beauveria bassiana

Bottles were vortexed for five minutes to produoenlegenous conidial suspension. Conidial
concentrations were determined by using a hema@temand the desired concentration was

obtained by serial dilutions.

3.3.2 Viability of the inoculum

The viability of conidia was determined before &myassay by spread-plating 0.1 ml of a 3 x
10° conidia mi* suspension onto 9-cm Petri dishes containing SDédiom. A sterile

microscope cover slip was placed on each plate tlaaglates were incubated in complete
darkness at 25 + 2°C for 16h (Lacey, 1997). Theanye percentage of and examined after

20 h. Percentage germination of conidia was detexchby assessing the number of germ
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tubes formed among 100 random conidia on the smréaea covered by each cover slip

under the light microscope (400 x). Four repligatdes of the isolates were

3.3.3 Mass production oMetarhizium anisopliae
Metarhizium anisopliaésolate ICIPE 69 was used in this study and itslemce againdt.
occidentalishas been previously established (Maniagtial, 2002). Conidia were mass-

produced on whole rice substrate in Milner bagsci®dong by 35 cm wide).

-

A. M. anisopliae culture | B. /M. anisopli‘ae cultired on
on rice in-a Milner bag rice ready to be harvested

C'“S\Sifting on
conidia_-

Plate 3. 4: Description of mass production procedw@s ofMetarhizium anisopliae conidia

on rice
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The rice was autoclaved for 1 h at 121°C and iretedl with a 3-days-old culture of
blastospores (Jenkiret al, 1998). This was then incubated for 21 days a2@0C, 40-70%
RH. The rice containing fungal spores was thenwadib to dry for 5 days at room
temperature. Conidia were harvested by siftingsihiestrate through a sieve (298n mesh

size) and stored at 4-6 °C until used. At harvestent viability was at 92 % on SDA plates.

3.3.4 Methods of inoculation

A Burgerjon spray tower (Burgerjon, 1956) was usedpray conidial inocula either on
substrates (bean pods) or directly on insectshéncobntrol treatments, with sterile distilled
water containing 0.05 % Triton X-100 was used.

Autoinoculation device similar to the one used bigikb et al (2010) was also used to infect
F. occidentalisin field-cage. Briefly, Lynfield trap (11 cm diatee x 10 cm height) was
perforated with five entry/exit holes (2 x 3 cm)deanear the top and bottom of the bottle at
alternate positions.A velvet (8 cm diameter x 8.5 cm length) and blwdting (3.5 cm
diameter x 11 cm height) wrapped around a smaileeri cylindrical bottle (5.2 cm diameter
and 6 cm in height) that was then hung in the ttrapaddition, a 9.3-cm disc (from blue
sticky card) was added on the top and bottom oflthéce to increase the attraction (Cle¢n
al., 2004). The semiochemical dispenser was insensidlé the smaller plastic diameter

bottle.
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Wire hook attached
to inner plastic cylindrical
tube

Office pin holding
yellow netting

2emx3cm

entry/exit holes
Dark grey velvet
on inner plastic
eylindrical tube

1 mm x 1 mm yellow

Quter plastic netting on dark
container grey velvet

B1
Holes for

Figure 3. 1 Description of anautoinoculative device made from a modified Lynfied
trap (Migiro et al., 2010)

Plate 3.5: Burgerjon spray tower
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CHAPTER FOUR

4.0 SELECTION OF FUNGAL BIOLOGICAL CONTROL AGENT OF THE

WESTERN FLOWER THRIPS FRANKLINIELLA OCCIDENTALIS (PERGANDE)

4.1 Introduction

The western flower thrips (WFT)Frankliniella occidentalis Pergande (Thysanoptera:
Thripidae) is a vicious quarantine pest of hortiaxal crops worldwide (EPPO, 2002; Lewis,
1997b). In addition to crop damage such as abscissi buds, abortion of flowers, and
malformation of pods, WFT are efficient vectorsta$poviruses (Lewis, 1997b). Synthetic
chemical pesticides are widely used for contralhoips, despite their toxicity and hazardous
effects to humans and the environment (Ndeegittal, 2008). In addition, the WFT have
developed resistance to major groups of synthédt@nicals (Broughton and Herron, 2009;
Jensen, 2004). There is, therefore, the prevaitiegd to develop ecologically sound and
sustainable alternative for management of thripgofopathogenic fungi are among the
control strategies being developed (Ekesi and Maaj@2000a; Ekesi and Maniania, 2007).
For instance, Manianiat al. (2002) reported that application Metarhizium anisopliae
(Metschnikoff) Sorokin Klypocreales: Clavicipitacepesignificantly reduced WFT in
chrysanthemum crop; but the control of larval pagohs was much lower than for adults.
Similar observations were made in laboratory biagsdy Vestergard, (1995) and Ugieie
al., (2005) withM. anisopliaeandBeauveria bassian@Balsmo) Vuillemin The objective of
the present study was, therefore, to screen diffdiengal isolates oM. anisopliaeandB.
bassianafor selection of virulent isolate(s) against setamstar larval stage of WFT. Other
parameters such as conidial production and evaolatiophylogenetic variability among the

fungal isolates were also considered using molecods.
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4.2 Materials and methods

4.2.1Frankliniella occidentalis colony

Insects were obtained from the Animal Rearing andir@ntine Unit at the International
Centre of Insect Physiology and Ecologyige). They were reared on French bean pods
Phaseolus vulgarigL) var. Samanthaat 25+ 2 °C, 60-80% RH, with a 12 L: 12 D
photoperiod as detailed in Section 3.2. Seconddingarval stage was used in the

experiments.

4.2.2 Fungal isolates

Fungal isolates were selected fracipe’'s Arthropod Germplasm Centre (Table 4.1). Fungal

cultures and viability is detailed in section 3.3.

Table 4. 1: List of fungal isolates and their orign tested against second-instar larvae of

Frankliniella occidentalis and percentage of germination after 16h on SDA plat at 25 +

1°C.

Fungal species Isolates Locality (Country) Source %ermination

Metarhizium ICIPE 7 Rusinga Island (KenyaAmblyoma variegatum 92.0+1.6

anisopliae ICIPE 18 Mbita (Kenya) Soil 92.8+1.6
ICIPE 20  Migori-Kenya Soil 96.5+0.8
ICIPE 30 Kendu Bay (Kenya) Busseola fusca 89.4+1.2
ICIPE 41  Migori (Kenya) Sall 100
ICIPE69 Matete (DRC) Soil 93.5+0.6
ICIPE 78 Ungoye (Kenya) Temnoschoita nigroplagiata90.7 + 1.0
ICIPE 84 (Senegal) Ornitacris turbida 100
ICIPE 625 Kabuti (Kenya) Soil 100
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ICIPE 665 Ahero Plains (Kenya)  Soill 928+1.3

Beauveria bassiana ICIPE 279 Kericho (Kenya) Coleopteran larvae 97TM@&
ICIPE 284 Mauritius Soail 95.0+0.7
ICIPE 620 Kapsorok (Kenya) Soil 100
ICIPE 621 Motinet (Kenya) Soil 100
ICIPE 622 Kapiti sondu (Kenya)  Soill 100
ICIPE 646 (Mauritius) Soil 96.8+0.9
ICIPE 659 Kapmonyok (Kenya) Soil 100
ICIPE 664 Bungoma (Kenya) Soil 100

4.2.3 Screening ofMetarhizium anisopliae and Beauveria bassiana isolates for time

mortality

Ten (10) ml of standard concentration of1l0’ conidia m* was sprayed on four pods of
French beans using a Burgerjon spray tower (Burgefj956). Pods were allowed drying for
5 min, after which they were transferred to 30-takg tubes. Twenty (20)%instard larvae
of WFT were then introduced per tube. In the aunireatments, pods were sprayed with
sterile distilled water containing 0.05 % Triton2¥0. Mortality was recorded daily for 10
days.Dead insects were placed in humidified chambeiltavethe development of mycosis
on the surface of cadavdtach treatment consisted of four replicates oin®@cts each and

was repeated three times.

4.2.3 Dose-mortality assays
Dose-mortality relationships were calculated fag thost pathogenic isolates by using five

concentration of inoculum: 8 10% 1 x 10" 3 x 10" 1 x 1 and 3x 1 conidia mI*. Test-
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larvae were incubated at 25 =2 °C and 90 + 2 %wRiH a photoperiod of 12 h light: 12 h
dark. Mortality was recorded daily for 10 day8ead thrips were placed in humidified
chamber to allow the development of mycosis on dhdace of cadaverEach treatment

consisted of four replicates of 20 thrips eachand repeated three times.

4.2.4 Conidial production onFrankliniella occidentalis larvae

Three fungal isolates with lowest kLvalues were compared for conidial production.
Second-instar larvae of WFT were exposed for 28 flanigus-treated French bean pods at the
concentration of ¥ 10 conidia mt*, after which they were transferred onto steriletamers
containing clean pods. At 3, 6 and 9 days posteiida, five mycosed thrips were collected
dried in an oven for 30 minutes at 30 + 1 °C aadgferred individually into 2-ml cryogenic
tubes containing 0.1 ml of sterile 0.05 % Tritorl¥O. The tube was then vortexed for 5 min
to dislodge conidia from the insect body and thenber of conidia was determined using a
haemocytometer (Hausser, Scientific Horsham, USAe experiment was repeated four

times.

4.2.5 Characterization of fungal isolates based ornternally Transcribed Spacer

sequences.

4.2.5.1 DNA extraction from fungal isolates

Pure cultures oM. anisopliaeisolates ICIPE 7, ICIPE 20 and ICIPE 69 were preduon
SDA. Equal amounts (0.1g) of conidia of each of tiselates were weighed in
microcentrifuge tubes on a weighing balance (Me#l€ 261 Delta, Listers 2000). DNA was

extracted using a slight modification of the CTARttmod described by Doyle and Doyle
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(Doyle and Doyle, 1990) and resuspended in pre-wdrsterile deionized water. The primer
pairs n-SSU-1766-5 (ITS5) and nu-LSU-0041-3 (IT$Ahhite et al, 1990) were used to
amplify the ITS sequences of the genomic DNA. P@ipldication reactions were carried
out in a total volume of 20 containing PCR buffer (Genscript, Piscataway, N3SA),
2.5mmol I* of each dNTP (Genscript), Qu2of each primer, 2.5mmol‘lof MgCl,, 0.5 units
Tag DNA polymerase (Genscript) and ~25ng of genomic DNRCR amplification
conditions involved initial denaturation at 94 °@ 8min, followed by 30 cycles of 94 °C for
40s, annealing temperature of 52 °C for 40s witlegiension at 72 °C for 1min and final
elongation at 72 °C for 10min. These reactions veareied out on a PTC-100 thermocycler
(MJR Inc., Minneapolis, MN, USA). Negative controlsthout fungal DNA were run for

each experiment to check for contamination of ratge

4.2.5.2 DNA quantification and sequencing

The amplification products were separated by edptioresis in 1% agarose gels containing
ethidium bromide (3pl), in % TAE buffer for 1h at 70Vci.  DNA was visualized under
UV light, and recorded using a Kodak Gel imagingtemn (Gel logic 200, Carestream
Health, New Haven, CT, USA). The lengths of the lrop products were estimated by
comparison with 1kb Smart DNA ladder (Noxo, Tallirifstonia). The PCR products were
purified using QuickClean DNA gel extraction kit €@script) and sequenced at the

International Livestock Research Institute (ILRI).

4.2.6 Data analysis

Percent mortality was corrected for control motyalfAbbott, 1925)and normalized by

arcsine transformation before being subjected &byars of variance (ANOVA) using PROC
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GLM, at 95% level of significance. Student-Newmaedls analysis was used to separate the
means as a post-ANOVA procedure. Median lethal tith&ss) and median lethal
concentration (LG) were estimated using logistic regression. Thesdyaes were carried
out using GENMOD procedure of SAS version 9.2. 9&36fidence intervals were used to
identify significant differences among the valudsLdso and LG, A Pearson arrelation
analysis was carried out to relate mortality raith whe conidial production.

The ITS sequences of the PCR products were ediad) Bioedit (version7.0.5.3) (Hall,
1999) and aligned using Clustal W (version 2.012yKin et al, 2001) software.

A Basic Local Alignment Search tool (BLAST) was foemed using NCBI, EMBL and

Fungal Genome Search databases. The first bestd@ssion number was considered.

4.3 Results

In viability tests, conidial germination varied tveien 89 and 100% (Table 4. 1). Mortality in

the controls was low and did not exceed 15% ithallexperiments.
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Table 4. 2: Virulence of fungal isolates against send-instar larvae Frankliniella
occidentalis: Percent mortality and LTs values at the concentration of 10conidia mi™

10 days post-treatment.

Fungal species Isolates Mortality LT 50 (days) Slope
(% = SEY (95% CI)~ (= SE)

Metarhizium anisopliae ICIPE20 56.2+2.9a 8.5(8.3-8.8) 47+0.1
ICIPE69 55.9%109a 8.2(8.0-8.9) 41+0.1
ICIPE 7 51.2 +5.0ab 8.3(8.0-8.5) 40+0.1
ICIPE665 49.6+3.0ab 8.4(8.1-8.7) 3.7+0.1
ICIPE18 44.1+3.0abc 10.6(10.1-11.2) 2.8%0.1
ICIPE41  48.2+3.5abc 9.2 (9.0 - 9.6) 40+0.1

ICIPE 625 48.3+3.5abc 10.5(10.1-10.6) 4.3x0.1
ICIPE84  43.3+25abc 11.3(10.8-119) 35%0.1
ICIPE30 40.4+40bcd 11.8(11.2-124) 3.7%x0.1
ICIPE78 40.9+3.2bcd 11.1(10.7-11.7) 3.6zx0.1

Beauveria bassiana ICIPE 620 45.9+2.1abc 10.2(10.0 -10.6) 4.7x0.1
ICIPE 621 44.6+25abc 11.6(11.1-12.2) 4.1 0.
ICIPE646 42.5+25bc 10.5(10.0-11.0) 3.4%0.1
ICIPE659 38.0+2.3bcd 12.9(12.2-13.7) 3.9z%0.1
ICIPE284 35.0+4.2cd 14.8(13.9-16.0) 3.5%0.1
ICIPE279 29.9+2.8de 17.7(16.2-19.6) 2.6%0.1
ICIPE 664 24.6 +2.0e 24.8(21.9-28.7) 27+0.1
ICIPE 622 23.8+1.4e 33.0(27.8-40.7) 2.0zx0.1

* Within column means followed by the same lettare not significantly different by Student-
Newman-Keuls (P < 0.05). ** Within column kJ values with overlapping 95% CI are not
significantly differen

All tested fungal isolates were pathogenic to tleeosd-instar WFT (Plate 4.1) at a
concentration of 1x10conidia mI*, causing mortalities of between 24 and 56% (TR
Metarhizium anisopliagésolates ICIPE 20 and ICIPE 69 caused the higmestality and it
was significantly different from otheM. anisopliaeisolates ICIPE 30, and 78 arigl
bassianaisolates ICIPE 646, 659, 284, 279, 664, and 622 .6= 17.37, P < 0.001).
Beauveria bassian&olates ICIPE 664 and ICIPE 622 caused the lowestalities. Other

M. anisopliaeisolates ICIPE 7, 665, 18, 41, 625 and 78 Bn@assiandsolates ICIPE 620

27



and 621 were not significantly different from ICIRB and 69 in term of mortality (Table 4.
2). Metarhizium anisopliaesolates ICIPE 7, ICIPE 20, ICIPE 69 and ICIPE 6&& the
shortest LT values causing mortalities within 8.2 - 8.4 dagysampared to the other fungal

isolates (Table 4. 2).

Plate 4. 1: Mycosed larvae ofFrankliniella occidentalis infected with standard

concentrations ofBeauveria bassiana (left) and Metarhizium anisopliae (right)

Among the seven isolates bf. anisopliaeand one isolate d8. bassianaelected for lethal
concentration response bioassayis,anisopliaeisolate ICIPE 69 had the lowest ¢fralue
followed by ICIPE 7 and ICIPE 20 (Table 4.3Metarhizium anisopliagsolate ICIPE 69
produced significantly more conidia than the oty isolates in all the three sampling dates

(F2, 31= 8.9, P < 0.0009) (Figure 1).
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Table 4. 3: Lethal concentration values (LGo) of selected fungal isolates against second-

instar larvae of F. occidentalis.

Species Isolates L€ (95% CI) Slope (+ SE)
(x 10 conidia mI™)

Metarhizium anisopliae  ICIPE 69 0.1(0.0-0.1) 21+£0.1
ICIPE 7 0.2 (0.1- 0.2) 1.2+0.0
ICIPE 20 0.3(0.2- 0.3) 11+0.0
ICIPE 41 0.8 (0.6 -1.0) 0.9+0.0
ICIPE 84 3.6 (2.5-5.8) 1.0+£0.0
ICIPE 18 18 (8.1 - 58.0) 0.7+0.0
ICIPE 625 40(2.8-6.4) 1.0+£0.8

Beauveria bassiana ICIPE 620 14.4 (7.5 -36.6) 0.8+0.1

Conidia production also significantly increased oy sampling days, 3, 6 and 9 dayss(F
= 18.9, P < 0.0001, SNK) post-infection (Figu4e2). A correlation between conidial

production and mortality (Pearson R = 0.65, P ©0)Qvas observed (Table 4.4).

s 8

g7

o 61

5 5]

'-g 41 OICIPE 7

o 37 BICIPE 20
27 @ICIPE 69
1
0

Days post-infection

Figure 4. 1: Mean conidial production (x 16 conidia) of three isolatesof Metarhizium

anisopliae following infection of second-instar larvae ofFrankliniella occidentalis.
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Table 4. 4: Correlation between mortality and conid@al production of three Metarhizium
anisopliae isolates ICIPE 7, ICIPE 20 and ICIPE 69 applied orsecond-instar larvae of

Frankliniella occidentalisat 1 x 1¢ conidia mi™.

Isolates Mean mortality (%) Mean conidial production (x10° conidia)
ICIPE 7 55.£+6.7 2£+0.¢

ICIPE 20 50.8+7.6 34+12

ICIPE 69 70.9+10.5 6.9+2

Pearsor R =0.€5; P<0.000.; N = 3¢

ITS fragment (Plate 4.2) of ICIPE 7, ICIPE 20 a@IRE 69 were sequenced and aligned
using Clustal W (version 2.012). This indicatedotWwase differences in ICIPE 69 as

compared to ICIPE 7 and ICIPE 20 (Fig 4.2).

Plate 4. 2: PCR products electrophoresed through 1%tBr-stained agarose gel from
left to right on Lane 1 Marker-1Kb DNA ladder, 2., -ve control, 3. ICIPE 7,4. ICIPE

20, 5. ICIPE 41, 6. ICIPE 69, 7. ICIPE 78, 8. ICIPE55, 9 Marker-1Kb.
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I Cl PE7 TCAACTATAAAAAGT TGEGEGEGEGT TTTACGGCAGT GGACCGOGLLG - GGCTCCTGITGCG 58

1 G PE20 TCAACTATAAAAAGT TGEGEGGEGT TTTACGGCAGT GGACCGCELCG - GGCTCCTGITGCG 58

1 Cl PE69 TCAACTATAAAAAGT TGEGEGGEGT TTTACGGCAGT GGACCGCGLCEGCEEGECTCCTGITGCG 60
LR R R R R R R R

Sf ol

1 G PE7 AGTGCTTTACTACT GCGCAGAGGAGGEGECCACGECGAGACCCCCAATTAATTTAAGGGACG 118

1 Gl PE20 AGTGCTTTACTACT GCGCAGAGGAGGEGECCACGECGAGACCCCCAATTAATTTAAGGGACG 118

1 Cl PE69 AGTGCTTTACTACT GCGCAGAGGAGGEGECCACGECGAGACCCCCAATTAATTTAAGGGACG 120
ER R R R R R R R R R R R R R

1 G PE7 GCTGT GCTGGAAAACCAGCCTCGCCGAT CCCCAACACCAAGT CCCACAGGGGACTTGAGS 178

1 G PE20 GCTGT GCTGGAAAACCAGCCTCGCCGAT CCCCAACACCAAGT CCCACAGGGGACTTGAGS 178

| Cl PE69 GCTGT GCTGGAAAACCAGCCTCGCCGAT CCCCAACACCAAGT CCCACAGGGGACTTGAGS 180
ER R R R R R R R R R

1 G PE7 GGCGTAATGACGCT CGAACAGGCAT GCCCGCCAGAATACT GACGGECCCAATGTGCGTTC 238

1 Gl PE20 GGCGTAATGACGCT CGAACAGGCAT GCCCGCCAGAATACT GACGGECCCAATGTGCGTTC 238

1 Cl PE69 GGCGTAATGACGCT CGAACAGGCAT GCCCGCCAGAATACT GACGGGCCCAATGTGCGTTC 240
ER R R R R R R R R R R R R R

1 G PE7 AAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGIT 298

1 Cl PE20 AAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGIT 298

1 Cl PE69 AAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGIT 300
IR R R R R R R SRR S EE R R R RS R EEEEEE SRR RS EEEEEEEEEEREREEEREEEEEEEEESEESESE]

EcoRl

1 Cl PE7 CTT GCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTCATTTTTTTTAAC 358

1 Cl PE20 CTT GCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTCATTTTTTTTAAC 358

|1 Cl PE69 CTT GCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTCATTTTTTTTAAC 360
IR R R R R R SRR EE R R R RS R EEEEEE SRR RS EEEEEEEEEEREREEEEEEEEEEEESEESESE]

Zhol

1 Cl PE7 CACTCAGAAGATACTTATTAAAAAATTCAGAAGGT TTGGGTCCCCGECGEECECGAAGTC 418

1 Gl PE20 CACTCAGAAGATACTTATTAAAAAATTCAGAAGGT TTGGGTCCCCCECGEECECGAAGTC 418

| Cl PE69 CACTCAGAAGATACTTATTAAAAAATTCAGAAGGT TTGGGTCCCCGECGEECECGAAGTC 420
ER R R R R R R R R R R R R R R R

1 G PE7 CCGCCGAA 426

1 Cl PE20 CCGCCGAA 426

| Cl PE69 CCGCCGAA 428

Figure 4. 2: ITS4-ITS5 sequence alignments of DNAfdhree Metarhizium anisopliae
isolates ICIPE 7, ICIPE 20 and ICIPE 69 showing theestriction sites EcoR1, Zhol and
Sfol. Sections of the two sequences marked and unrkad with asterisks indicate

homology and divergence, respectively, between teequences.

The sequence CCGCGG in ICIPE 69 which includestwlebase pair difference from the
other isolates corresponds to restriction site segeSerratia fonticolal (Sfol). Restriction
sites were also identified on the ITS sequence EaoR Zhol and were common for all the

threeM. anisopliaeisolates.
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A Basic Local Alignment Search Tool on NCBI, EMBLlndx Fungal Genome Search
indicated a low expect value(E) and similarity veduanging between 97 and 100% with
anisopliae FJ545302, FJ609312 respectively on NCBI and EMBhe Fungal Genome
Search database identified the isolates as affliato M. anisopliae var. anisopliae

AF136376 (Table 4.5).

Table 4. 5: Basic Local Alignment Search Tool oMetarhizium anisopliae ICIPE 7,
ICIPE 20 and ICIPE 69 ITS4, ITS5 sequences using N&, EMBL and Fungal Genome

Search databases

Isolates Length (bp) Best hit E value (E) Identity%) Species

NCBI
ICIPE7 426 FJ545302 0.0 100 M. anisopliae
ICIPE 20 426 FJ545302 0.0 100 M. anisopliae
ICIPE 69 428 FJ545302 0.0 99 M. anisopliae
EMBL
ICIPE7 426 FJ609312 4.8°% 98 M. anisopliae
ICIPE 20 426 FJ609312 5.8 % 98 M. anisopliae
ICIPE 69 428 FJ609312 5.8 97 M. anisopliae

Fungal Genome Search

ICIPE7 426 AF136376 6.6e M. anisopliaevar. anisopliae
ICIPE 20 426 AF136376 6.6e M. anisopliaevar.anisopliae
ICIPE 69 428 AF136376 5.3¢e M. anisopliaevar. anisopliae
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4.4 Discussion

The aim of this study was to identify potential gah candidate(s) for control of the larval
stage of F. occidentalis that has been reported to be refractory to funigéction
(Vestergaard, 1995; Maniangt al, 2002; Ugineet al, 2005) and to further characterise
these isolates based on the ITS gene sequencel @rak2011) At the concentration of £
10" conidia mt*, all the fungal isolates tested were pathogenit¢osecond-instar larvae of
WFT; however mortality and Lsh values varied between the isolates. Such variati@ve
already been reported for fungal pathogens in ngaoyps of insects (Migiret al, 2010;
Mburu et al, 2009; Ekeskt al, 1998; Dimbiet al, 2003). Four isolates dfl. anisopliae
(ICIPE 20, ICIPE 69, ICIPE 7 and ICIPE 665) with gTbetween 8.0 and 8.8 days

outperformed the other fungal isolates (Table 4. 2)

When seven isolates ®. anisopliaeand one oB. bassianavere challenged for the g
bioassays, only three isolates Mf anisopliae(ICIPE 7, ICIPE 20 and ICIPE 69) had the
lowest LGy (1-3 x 10’ conidia mI*) (Table 4. 3). Virulence has always been one efrtiost
important parameters considered for strain seledtioglis et al, 2001); whereas parameters
such as persistence, UV tolerance and conidial ymtomh have been overlooked. In the
present study, the three best fungal isolates bwes, values) were compared for conidial

production.

The M. anisopliaeisolate ICIPE 69 produced significantly more coaidhan the other
isolates, which may be an advantage in terms afuluon dispersion in the habitat, mass
production and subsequent commercializatidme virulence of isolate ICIPE 69 against the
legume flower thripsMegalurothrips sjostedtirrybom (Ekesiet al, 1998), onion thrips,

Thrips tabaciLindeman (Maniani@t al, 2003) and WFT (Manianiet al, 2002) has already
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been demonstrated. These results coupled with bagidial production and tolerance to
broad temperature range (Ekesial, 1999) makes it a suitable biopesticide candidiate

thrips control

The results of the ITS gene sequence amplificatshrowed two base pair differences in
ICIPE 69 which corresponds the restriction siteusegeSerratia fonticola The nucleotide
sequences of the three isolates suggest intrafgpgenotypic variation (Mburet al., 2011;
Freedet al, 2011). Geographical origin of the fungal isotateay explain the variation
observed in the present study. For instalteanisopliaeisolate ICIPE 69 originated from

the Democratic Republic of Congo whereas the dikeroriginated from Kenya.

This restriction enzyme (Sfol) can be suggestea @®| for ICIPE 69 characterization using
RFLP technique. A Basic Local Alignment Search T(LAST) in NCBI, EMBL and
Fungal Genome Search showed homology over 95% Mitanisopliae However there is
further need to characterize various fungal agtigénes and their expression to relate the

difference in activity to the molecular profile.

In conclusion, the efficacy of thigl. anisopliaeisolate ICIPE 69 on adult thrips and larval

stages of WFT suggests its development as fungpkbticide for thrips management.
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CHAPTER FIVE

5.0 USE OFMETARHIZIUM ANISOPLIAE CHITINASE GENES FOR

GENOTYPING AND VIRULENCECHARACTERIZATION

5.1 Introduction

Entomopathogenic fungi are being exploited for aatgeest control (Chandler et al., 2008;
Ekesi and Maniania, 2007; Butt and Brownbridge, 7)99Among other advantages,
entomopathogenic fungi infect by direct contacthwitsect cuticle without the need to be
ingested like bacteria. To penetrate their hosteerml entomopathogenic fungi digest insect
chitin by secreting chitinase proteins (St-Legealet1996; Screen and St-Leger, 2000; Gao
et al, 2011; Hu, 2005). These chitinases are also @afdd in many aspects of fungal
biology (Li, 2006; Hu, 2005; Musumeci and Palec2009; Arakane and Muthukrishnan,
2010; Rai and Kovics, 2010) including cellular preses such as conidial germination,
hyphal growth and morphogenesis. Additionally cfa@es contribute to defense against
niche competitors and to nutrition by solubilisiagogenous chitin fibers (Seidt al, 2008;
Seidl et al, 2009; Bakeeet al, 2009). Due to these critical functions, chitmagnes have
been suggested as promising molecular markersefaotgping entomopathogenic fungi such
as Metarhizium anisopliagEnkerli et al, 2009; St-Legeet al, 1996; Bogoet al, 1998;

Barattoet al, 2003; Kanget al, 1999).

The entomopathogenic fungud. anisopliae produce different varieties of chitinases
(Musumeci and Paleotti, 2009; Gimenez-Petal, 2002; Bakeet al, 2009; Barretet al,
2004; Kang,et al, 1999). However, the role of each of these genethe process of
pathogenicity has been poorly established (Batal, 2009). Many studies suggest that

these multiple chitinases have a mutually syndm@std complementary effect in the process
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of fungal infection. Recently, the characterizedinhse genechi2, cloned from strain E6
(Baratto et al, 2006) has been reported to be responsible folevice in the genuM.
anisopliae(Boldo et al, 2009). Over expression ohi2 constructs showed higher efficiency
in host killing, while the absence of the sameighge diminished fungal infection efficiency

(Boldoet al, 2009; Boldeet al, 2010).

In order to understand the genetic mechanisms lymigrdifferences in virulence, eight
ICIPE M. anisopliaeisolates, which have shown difference in viruleooeF. occidentalis

and other insect pest were characterized usintnabé genes.

5.2 Materials and Methods

5.2.1 Fungus

Eight isolates oMetarhizium anisoplia¢CIPE 7, ICIPE 20, ICIPE 30, ICIPE 41, ICIPE 62,
ICIPE 63, ICIPE 69 and ICIPE 78 were selected lfis study (Table 5. 1). These isolates
have been previously bioassayed on 22 arthropots petonging to the orders of Diptera,
Thysanoptera, Coleoptera, Isoptera and sub claas ftable 5.2)Metarhizium anisopliae
var. acridum IMI330189, isolated from Niger and developed abi@pesticide for locust

control, was included in the study as a reference.
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Table 5. 1: List of Metarhizium anisopliae isolates investigated for their chitinase gene,

Species Isolates Locality Source Reference
(Country)

M. anisopliae ICIPE 7 Rusinga IslandAmblyoma
(Kenya) variegatum

ICIPE 20 Migori(Kenya) Soil

ICIPE 30 Kendu BayBusseola fusca
(Kenya)

ICIPE 41 Migori (Kenya) Soil

ICIPE 62 Matete (DRC  Soil

ICIPE 6: Matete (DRC  Soil

ICIPE 6¢ Matete (DRC  Soil

ICIPE 7¢ Ungoye Temnoschoiti
(Kenya) nigroplagiata
ARSEF 7524 Switzerland
M34412 India
E6 Brazil
M. anisopliae IMI330189 Niger Ornithacris
var. Acridum cavroisi

ARSEF 32, Australie

* ARSEF 7524, M34412, E6 and ARSEF 324 are out-grogps in BLAST for evaluating sequence similarity

5.2.2 DNA extraction, quantification and sequencing

Pure cultures oM. anisopliaeisolates were produced on Sabouraud Dextrose Agpal
amounts (0.1 g) of conidia of each of the isolatese weighed in microcentrifuge tubes on a
weighing balance (Mettler AT 261 Delta, Listers QQODNA was extracted from pure
cultures of M. anisopliae isolates using a slight modification of the CTAB thu
(Doyle and Doyle, 1990). Thehi2 (chi2f/chi2r: GACAAGCACCCGGAGCGC/GCCTTGC
TTGACACATTGGTAA) andchi4 (chi4f/chidr: GCTACTGGGAGAACTGGGAC/TTGTC
GCCAARTGTCCARTT) gene fragments were amplified b@RPusing published primers

(Enkerliet al, 2009).
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The chitinase genes chitlf/chitlr (chitlf/chitliT CTGCAGGCCACTCTCGGT/AGCCATT
GCTTCCTCATAT) and BbThchif and BbThhi (BbThchif/Bh&hir: GGCTACTGGGAGA
ACTGGGAC/TTGTCGCCAARTGTCCARTT) were also used imsthtudy.

Each chitinase gene was amplified separately iml2@actions comprising 1x PCR buffer
(Genscript, Piscataway, NJ, USA), 2.5 mM of eacifEBNGenscript), 0.2 pm of each primer,
MgCl, (2.5 mM), TaqgDNA polymerase (0.5 units of Genscript) and genobBivA (~25 ng).
PCR amplification was performed in a PTC-100 tharyater (MJR Inc., Minneapolis, MN,
USA) using the following cycling parameters: 94 &€ 1 min, followed by 30 cycles of 94
°C for 1 min, 52 °C for 1 min, and 72 °C for 2 mfollowed by a final elongation at 72 °C
for 8 min. PCR products were separated by electnadis in a 1% ethidium bromide-stained
agarose gel and visualized under ultraviolet lighite PCR products were purified using
QuickClean DNA gel extraction kit (Genscript, Pissmay, NJ, USA) and sequenced at

Macrogen (Korea).

5.2.3 Bioinformatics and phylogeny

Percent mortality and Lethal Time values data witered at a standard concentration and
subjected to a k-mean clustering procedure (k €Ajtinase nucleotide sequencekig and
chi4) were edited and aligned to remove ambiguous balle before translating them to
proteins using Geneious Software (Drummaatdal, 2011). A search to identify protein
sequences similar tohi2 and chi4 was performed using tBLASTx algorithm of NCBI
GenBank. Geneious Softwarenino acid sequences were used to estimate phyogih
the neighbour-joining, minimum evolution or maximyrarsimony methods. A dendrogram
was constructed using Molecular Evolutionary GerseAinalysis (MEGA) software version
4.0 with 10,000 bootstrap replicates. All methods/eg trees with similar topology and

approximate bootstrap values; therefore only theéght®r-joining tree is presented.
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Percentage homology/genetic distance among sincifétinases tochi2 and chi4 were
computed using MEGA softwar&he 3D structure was predicted using Swiss-PdB ¥rew

4.0.1 (http://www.expasy.org/spdhviThe conserved residues of the carbohydrate inserti

domain (CID) (Li, 2010) were identified through rtiple sequence alignment with the

characterized chitinase genes.

5.3 Results

5.3.1 Clustering ofMetarhizium anisopliae isolates using their virulence pattern and host
range

ICIPE M. anisopliaeisolates vary different in terms of virulence taodsinsect pests (Table

5. 2).
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Table 5. 2 : Classification orMetarhizium anisopliae isolates based on their pathogenicity performancenovarious insect pests

Target Pest IMI330 ICIPE7 ICIPE20 ICIPE30 ICIPE41CIPE62 ICIPE63 ICIPE69 ICIPE78
Thysanoptera | Thrips F. occidentalis ok ok o o e o
Thrips tabaci s
Megalurothrips e
Diptera Leaf Miner L. huidobrensis el el o * e i *
Fruit Fly C. rosa el e fe * *
C. Capltata *% *k%k *k*k *
C. corsyra * * o
Tse tse fI Glossine s ok
Mosquitc Anophele sg ok
Sandfly P. duboscgsg
Acari Ticks Rhipicephalu st kkk
Amblyomesg
RSM T evans ** ** ** ** ** ** ** *kkk
T. urticae s
Orthoptera Locust Shistocercap il
Isopter: Termite: Macrotermessg ol * i e >
Coleopter weevils Cyclas sp.
Lepidoptera Stemborers Chilo partellus
LPB Maruka vitrata
Hemiptera Corid bugs Helopelthis sp
Homoptera Aphids Aphis sp.

Pathogenic*, highly pathogenic**, virulent***, hidy virulent****
In bold insect hosts that have been bioassayed @IfPE M. anisopliage but data were not considered in this study.
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Figure 5. 1: Clustering of Metarhizium anisopliae isolates based on their virulence on 11
insect pests (k = 4).

The clustering of fungal isolates based on virudedata on 11 insect hosts showed different
phenotypes (Figure 5. 1). The correlation matrizsveenM. anisopliaeisolates showed that
ICIPE 20 is correlated to IMI330189 and ICIPE 7)JRE 30 is correlated with ICIPE 7.
There were correlations between ICIPE 41 and IM1B80and between ICIPE 41 and ICIPE
20. ICIPE 62 is correlated with IMI330189, ICIPEIZIPE 20 and ICIPE 41. ICIPE 63 is
correlated with IMI330189, ICIPE 20 and ICIPE 4CIRE 69 is correlated with ICIPE 7,
ICIPE 20, ICIPE 41, ICIPE 62 and ICIPE 63. ICIPEig&orrelated with ICIPE 7, ICIPE 20,

ICIPE 30, ICIPE 62 and ICIPE 69 (Table 5. 3).

At k = 4 (k-mean clustering), the clustering Mf anisopliaeisolates based on insect-host
showed different clusters. Cluster 1 includes fflyitspecies such aGeratitis rosaKarsch
and Ceratitis capitataWeidemann. In cluster 2 ornamental pest are repredee. g.
Frankliniella occidentalis Megalurothrips sjostedtiTrybom, Liryomiza huidobrensis
Blanchard andretranichus urtica&och. In cluster 3 comprises five hos@eratitis cosyra

Walker, Phlebotomus duboscdileveu-Lemairg Tetranichus evansBaker and Pritchard,
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Macrotermes michaelenSjostedt an€ylas puncticollisBBoheman. Cluster 4 had the biggest

number of hosts (11) containing all insects desctiin three first clusters (Table 5. 4).
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Table 5. 3 : Correlation betweerMetarhzium anisopliae based on virulence (% Mortality and LT values) onll insect pests

IMI330 ICIPE7 ICIPE20 ICIPE30 ICIPE41 ICIPE62 ICIPE63 ICIPE69 ICIPE78

IMI330 -0.062 0.499 0.012 0.509 0.611 0.746 0.298 0.033
ICIPE7 0.617 0.538 0.401 0.532 0.205 0.662 0.726
ICIPE20 0.393 0.608 0.765 0.616 0.661 0.541
ICIPE30 0.266 0.349 0.163 0.408 0.431
ICIPE41 0.637 0.564 0.504 0.369
ICIPEG2 0.691 0.642 0.483
ICIPEG3 0.451 0.234
ICIPEG9 0.557
ICIPE78

In bold, significant values at the level of sigraince alpha=0.050 (two-tailed test)
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Table 5. 4 : Composition of theMetarhizium anisopliae clusters

Clusters

Clusterl Cluster2 Cluster3 Cluster4
Within-groups inertia 0.01 8.27 9.63 73.18
Size 2 4 5 11
C. rosa F. occidentalis C. cosyra F. occidentalis
C. capitat: Megalurothrip: P. duboscc Megalurothrip:
L. huidobrensi T. evans L. huidobrensi
T. urticae Macroterme C. ros¢
Cyclas C. capitat:
C. cosyra
P. duboscqi
T. urticae
T. evansi
Macrotermes
Cyclas
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5.3.2 Sequence alignment

All M. anisopliaehad the four chitinase genes (Plate 5.1). Commaua$ thechi2 nucleotide
sequences from all selectbt]l anisopliaeisolates from different parts of Africa showedttha
there was no difference in the open reading frafoisight isolates) composed of 229 amino
acid residues. However, when compared with similaitinase sequences retrieved from

NCBI database, differences in amino-acid compasitere identified (Figure 5. 2).

Chil Chi2

BbTrchi Chi4
N A

Plate 5. 1: PCR products electrophoresed through 1%tBr-stained agarose gel othil
(1.4kb), chi2 (1.3kb), BbTrchi (0.9 kb) andchi 4 (0.8 kb) from left to right: ladder 1kb
fermentas, IMI330189, ICIPE 7, ICIPE 20, ICIPE 30,ICIPE 41, ICIPE 62, ICIPE 63,

ICIPE 69 and ICIPE 78
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Chitinase 2 = ce-e DGGGT| ENNDLAAYCQP 17
MBACU30523. 1 =~ m-mmmmme e NVVYWGONGGGTI ENNDLAAYCQP 24
MBACU30524. 1 ~ m-mmmmmie i NVVYWGONGGGTI ENNDLAAYCQP 24
MaAAY34347. 1 MHHL RALVGVGLAGLAAGVPLTDKI SVKPRQAPGAQNVVYWGQNGGGTI ENNDLAAYCQP 60
MacEFY85519. 1 MHHLRALAGVGLVGLASGVPFTDNI SI KPRQAPGAQNI VYWGQNGGGTI ENNDLAAYCQP 60
MaEFY95562. 1 MHHL RALVGVGLAGLAAGVPLTDKI SVKPRQAPGAQNVVYWGQNGGGTI ENNDLAAYCQP 60
Lk KRR KKK R KKK
Chi tinase 2 NSG DVLVLAFLYQFGNGGNI PSGTI GQFYSFFFF- | YYSHGSRKRVERLQ YLCMYRNT 76
MaACU30523. 1 NSG DVLVLAFLYQFGNGGNI PSGTI G == === === s m s s mmmmmm e e i e m o 51
MaACU30524. 1 NSG DVLVLAFLYQFGNGGNI PSGTI G == === === s m s mmmmmm e e e e e o 51
MaAAY34347. 1 NSG DVLVLAFLYQFGNGGNI PSGTI G - === === = s m s mmmmmm e e i e m oo 87
MacEFY85519. 1 NSG DVLVLAFLYQFGNGGNI PSGTI G == == === = s m s s mmmmmm e e e e e o 87
MaEFY95562. 1 NSG DVLVLAFLYQFGNGGNI PSGTI G == == === = s m s s mmmmmm e e i e e oo 87
Kok ok ok Kk Kk K Kk Kk Kk K kK Kk K K
Chi tinase 2 LHLVGSRLPP- PALLFI FPCPCFRVMSQF- PHTGQSCYI STSGQGQNCEALTAAI HTCQSA 134
MBACU30523. 1 =~ m-mmmmmmme e QSCYI STSGQGONCEALTAAI HTCQSA 78
MBACU30524. 1 ~ -mmmmmm e QSCYI STSGQGONCEALTAAI HTCQSA 78
MBAAY34347. 1 seee e QSCYI STSGQGQNCEALTAAI HTCQSA 114
MBACEFY85519. 1 - -ccmmmimmi i QSCYI STSGQGQNCEALTAAI QTCQSA 114
MBREFY95562. 1 ~ c-ceiimeeeei oo QSCYI STSGQGQNCEALTAAI HTCQSA 114
*********************: * ok k ok ok
Chi tinase 2 GVKI | LSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSSFVNGFDLDI EV 194
MaACU30523. 1 GVKI | LSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSSFVNGFDLDI EV 138
MaACU30524. 1 GVKI | LSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSNFVNGFDFDI EV 138
MaAAY34347. 1 GVKI VLSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSNFVNGFDFDI EV 174
MacEFY85519. 1 GVKI | LSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSNFVNGFDFDI EV 174
MaEFY95562. 1 GVKI | LSLGGATSSYSLQTQAQAEQ GQYLWDSYGNSGNKTVQRPFGSNFVNGFDFDI EV 174
****: *******************************************. ******: *k kK
Chitinase 2 NGGSSQYYQYM AKLRANFASDKSNTYLI TGAPQCPI PEPNMGVI | SNAVFDHLYVQFYN 254
MaACU30523. 1 NGGSSQYYQYM AKLRSNFASDKSNTYLI TGAPQCPI PEPNMGVI | SNAVFDHLYVQFYN 198
MaACU30524. 1 NGGSSQYYQYM AKLRANFASDKSNTYLI TGAPQCPI PEPNMGVI | SNSVFDHLYVQFYN 198
MaAAY34347. 1 NGGSSQYYQYM AKLRANFASDKSNTYLI TGAPQCPI PEPNMGVI | SNSVFDHLYVQFYN 234
MacEFY85519. 1 NGGSSQYYQYM AKLRSNFGSDEANTYYI TGAPQCPI PEPNMGVI | SNSVFDHLYVQFYN 234
MaEFY95562. 1 NGGSSQYYQYM AKLRSNFASDKSNTYLI TGAPQCPI PEPNMGVI | SNSVFDHLYVQFYN 234
Kk ok kKA Rk Kk Kk Kk KKK KKk kKR kR KRk Kk kKRR KAk
Chi tinase 2 NNYYAVPCALG NGNAPFNYNNWISFI ADTPSAGAKVFI GVPASPLASTGTPSGAQYYAA 314
MaACU30523. 1 NNNYTVPCALG NGNAPFNYNNWISFI ADTPSAGAKI FI GVPASPLASTGTPSGAQYYAA 258
MaACU30524. 1 NNNYTVPCALG NGNAPFNYNNWISFI ADTPSAGAKI FI GVPASPLASTGTPSGAQYYAA 258
MaAAY34347. 1 NNNYTVPCALG NGNAPFNYNNWISFI ADTPSAGAKI FI GVPASPLASTGTPSGAQYYAA 294
MacEFY85519. 1 NNNYTVPCALG NGNAPFNYNNWISFI SNTPSANAKVFI GVPASPLASTGTPSGAQYYAT 294
MaEFY95562. 1 NNNYTVPCALG NGNAPFNYNNWISFI ADTPSAGAKI FI GVPASPLASTGTPSGAQYYAA 294
Kk kKRR Ak k kKK kR kKRR s kK Kk kKRR Kk kKK kKRR KKk -
Chi tinase 2 PEQLAAI VGEYRSDAHFGG MWBAGFSDANVNDGCT- - - - - = = - - - - - YAQQAKSI LVS 362
MaACU30523. 1 PEELAAI VGEYRSDAHFGG MMWBAGFSDANVNDGCT- - - - - = - - - - - - YAQQAKSI LVS 306
MaACU30524. 1 PEQLAAI VGEYRSDAHFGG MMWBAGFSDANVNNGCT- - - - - = - - - - - - YAQQAKSI LVN 306
MaAAY34347. 1 PEQLAAI VGEYRSDAHFGG MMWBAGFSDANVNDGCT- - - - - = - - - - - - YAQQAKSI LVN 342
MacEFY85519. 1 PDQLAAI VGEYKGDAHFGGE MMWBAGFSDANVNNGCT- - - - - = - - - - - - YAQQAKNI LVN 342
MaEFY95562. 1 PDQLAAI VGEYRSDAHFGG MVWSAGFSDANVNNGCTSGPDRDHDAI FDFGVLSGSVAYR 354
KRR KRR AR Kk kR kR kKRR ARk ks Kk . -
Chi tinase 2 GAPCPSSGPPSSTPATAPAPTATTMPSSTSVSSPAASPTGGTVPQWGQVSL SCQCSLRKR 422
MaACU30523. 1 GAPCASSGPPSSTPATAPAPTATTMPSLT- - SSPAASPTGGTVPQWGQCG: - - - - - - - - - 354
MaACU30524. 1 GAPCPSSGPPSSTPATPPGPTATTMPSSTSVSSPTASPTGGTVPQWGQCG: - - - - - - - - - 356
MaAAY34347. 1 GAPCPSSGPPSSTPATAPAPTATTMPSSTSVSSPTASPTGGTVPQWECG: - - - - - - GEG 395
MacEFY85519. 1 GAACGSSGPPI PTPTTTPATTTPTTASST- - FSPTASPTGGTVPQAGQVS- - - - - - - - - - 390
MBEFY95562.1  RHSSPVGSAHTVAMSSAAARAI PVLPSALPLTNVSSKAI GG - RHAGEVG - - - - - - - - - 402

RHSSPVGSAHTVAMSSAAARAI PVLPSAL PLTNVSSKAI GG- - RHAGEW
. .. . * .. * K . * .

Chitinase 2 | SRGSSHSSDV- CGGEGYP- - - - - 440
MaACU30523. 1 - - - GEGYSGPTQCVPP- - - - - - - - 367
MaACU30524. 1 - - - GEGYSGPTQCVPP- - - - - - - - 369
MaAAY34347. 1 YSGPTQCVPPYQCVKQEDWASSCR 419
MacEFY85519. 1 - LTPKSRLCSWRKKKKKLAR: - - - 409

MaEFY95562. 1

HRAPTI YKTGFI VESGSI HFI FA- 425

Figure 5. 2: The multiple sequence alignment (Cluat W v2.1) showing relationship
between the Chitinase 2 with similar sequences oliteed from the NCBI. The initials
represent the species (MaMetarhizium anisopliae, Mac; Metarhizium anisopliae var.
acridium) followed by their accession numbers as provided ithe GenBank. Highlighted
residues in red (VI and YR) show the conserved rediies of the CID.
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The phylogenic analysis shows over 100% identity cim2 sequencesMetarhizium
anisopliaevar. acridumEFY85519.1 was different from the four outgroupsdvb anisopliae
including thechi 2 template from the tested isolates and the threégmmups ACU30524.1;
AAY34347.1 and ACU30523.1Metarhizium anisopliaeEFY95562.1 were completely

different from the rest of thil. anisopliaeisolates (Figure 5.3).

95 —— MaACU30524. 1
g2 L MaAAY34347.1

3 L MaACU30523.1

CHIT2

MacEFY85519.1
MaEFY95562.1

—
0.02

Figure 5. 3: A dendrogram showing relationships bwveen the chi 2 gene and the

related sequences retrieved from the NCBI GenBank.

5.3.3 Homology modelling of chitinase2

The Swiss-Pdb Viewerh{tp://www.expasy.org/spdbviserver was used to predict the 3D

structure otchi2. The conserved residues of the CID (VI and YR) p&sent (Figure 5. 4) in
all eight M. var. anisopliaeisolates that exhibited no differences in theiding regions.

However, inM. anisopliaevar.acridumthe ‘YR’ motif is replaced by ‘'YK'.
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Figure 5. 4 : Chitinase 2 model as predicted usinthe Swiss-PdB Viewer. The residues
highlighted (Val238 and 11e239; Tyr325 and Arg326)epresent conserved residues in

the Carbohydrate Insertion Domain (CID) of chitinases.

5.3.4 Analysis of Chitinase genezhi 4

All eight M. anisopliaevar. anisopliaeisolates had identical chitinase 4 nucleotide sage.
After the editing process to remove the ambiguaaselcalls a BLAST analysis usiobi4
sequence on NCBI GenBank database, revealed higitagio acid identities tdw.
anisopliaevar. anisopliaeM34412, ARSEF7524 and. anisopliaevar. acridumIMI330189

(Figure 5. 5).
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Chid e PVI LPDGTALVEDGVDANVKVATPADVC

MB4412 GAKNGVHPPLGW Pl QDARI RQHGYNVI SAAFPVI L PDGTAL WEDGVDANVKVATPAENC
ARSEF7524 GAKNGVHPPLGW Pl QDARI RQHGYNVI SAAFPVI L PDGTAL VEDGVDANVKVATPAENC
IM 330189  -e-memeemmmemmmemeieaeaeaaoas PVI LPDGTALWEDGVDVNVKVATPAEMC
KR RAAAK KRR K RRE KHRAA KR A KK
Chi 4 QAKAAGATM MBI GGAAAAI DLSSSSVADKFVSTI VPI LKRYNFDGVDI DI EAGLSGSGT
MB4412 QAKAAGATM MBI GGAAAAI DLSSSSVADKFVSTI VPI LKRYNFDGVDI DI EAGLSGSGT
ARSEF7524 QAKAAGATM/VEI GGAAAAI DLSSSSVADKFVSTI VPI LKRYNFDGVDI DI EAGLSGSGT
I M 330189 QAKAAGATI LMBI GGAAAAI DLSSSTVADKFI STI VPI LKKYNFDGVDI DI EAGLSGSGS
********: :***************: *****: ********: ******************:
Chi 4 | GTLSASQANLVR! | DG LAQVPSNEGL TMAPETAYVTGGSVTYGSI WGAYLPI | KKYAD
MB4412 | GTLSASQANLVR! | DG LAQVPSNFGL TMAPETAYVTGGSVTYGSI WGAYLPI | KKYAD
ARSEF7524 FGTLSASQANLVRI | DG LAQVPSNFGL TMAPETAYVTGGSVTYGS! WGAYLPI | KKYAD
I M 330189 | NTLSASQANLI Rl | DG LAQVPSNFGL TMAPETAYVTGGSVTYGS! WGAYLPI | KKYAD
BN A A A S A
Chi 4 NGRL VWAL NIVQYYNGAMY GCL GDSYEAGTVKGFVAQTDCLDKGLVI QGTTI RVPYDKQVPG
MB4412 NGRLVWAL NIVQY YNGAMY GCSGDSYEAGTVKGFVAQTDCLDKGLVI QGTTI RVPYDKQVPG
ARSEF7524 NGRLVWAL NVQY YNGAMY GCSGDSYEAGTVKGFVAQTDCLDKGLVI QGTTI RVPYDKQVPG
| M 330189 NGRLVWAL NVQYYNGAMY GCSGDSYEAGTVKGFI AQTDCLNKGLVI QGTTI RLPYSMQVPG
EEEREEEEEEEEEREEEEEE] ************:******:***********:**. * ok ok ok
Chi 4 L PAQSGAGGGYMSPSLVGQAWDHYNGSLK- - - = - = = - = - = - =
MB4412 L PAQSGAGGGYMSPSLVGQAWDHYNGSL KGLMMS! NWDGSK
ARSEF7524 L PAQSGAGGGYMSPSLVGQAWDHYNGSLKGLMMWS! NWDGSK
| M 330189 L PAQPGAGGGYMSPSLVGQAL DHYHGSLK- - - = = = = - = - = - =

Khkkk KAKKKKKAK KKK KhKk* *hk: khkk*

Figure 5. 5: Multiple sequence alignment (ClustalVWW v2.1) showing the relationship
between the Chitinase 4 with similar sequences oliteed from the NCBI. The initials
represent the species followed by their accessionumbers as represented in the

GenBank.

5.4 Discussion

The ICIPEM. anisopliaestrains isolated from different regions of Africad different levels

of virulence on various insect pests. The clusteanalyses based on virulence data describe
various categories of phenotypes in terms of vircdkeamong isolates. ICIPE 20 is known to
be highly pathogenic on insect pests like fruiedliand leaf miners (Dimhgt al, 2003;
Migiro et al, 2010), while ICIPE 69 has been identified asrtfest promising isolate in the
control of thrips (Ekesi and Maniania, 2000a; Elesal, 1998; Dimbiet al., 2003; Maniania

et al 2002; Ngakotet al, 2008). Cluster 3, on the other hand, includetaiss which are
more pathogenic to flies, termites, and mites. ECIR ICIPE 30 and ICIPE 62 isolates fit

into cluster 3 because they are highly pathogenic tlee two-spotted spider mites;
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Tetranychus urticaandMacrotermes michaelse(Mburu et al, 2009; Bugemet al, 2009;
Mburu et al, 2011). ICIPE 30 was used successfully to consmtise flyGlossinaspp. in the
field, (Maniania, 1998; Manianiat al, 2002) and was also reported to be virulent @ th
banana weevilCylas puncticolligOndiakaet al, 2008). ICIPE 7 showed high pathogenicity
on mitesTetranychus urticae Tetranychus evaasd ticks,Rhipicephalus appendiculatus
and Rhipicephalus pulchellufNanaet al, 2010; Nchuet al, 2009). Furthermore, it was
reported to be a potential isolate for the contfdlarval stages oF. occidentalis(Niassyet
al., Unpublished). Lastly, cluster 4 groups a categdrvirulence demonstrating that all the

above investigated ICIPE isolates can be pathogersome extend on wide group of pest.

Enkerliet al (2009) suggested the use of chitinase genesaw dool that would be useful
for genetic characterization . anisopliaestrains. In the present study, the comparison of
chitinase sequenceshi2 andchi4, among the varioudl. anisopliaeisolates did not show
differences in nucleotide sequence that could Ipdodrd for genotypingM. anisopliaevar.
acridum IMI330189, that was included in the study for camgon purposes, had slight
sequence differences with the ICIPE isolates atcthié locus. We were however unable to

amplify thechi2 geno of this isolate.

The predicted protein 3D structure of tlehi2 shows similar folding patterns to the

characterized chitinases and possesses the cotselidedomain of most chitinases. Since
the chit2 gene sequence was identical in all the 8 studi#gE isolates, only one 3D model

is presented (Figure 5. 4). The analysis of the CiDserved residue showed exactly the
samechi2 structure describing probably the same functioyndlii, 2010; Li, 2006; Moreira

et al, 2010).
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Enkerliet al, (2009) used PCR-RFLP technique for genotypih@nisopliaevar. anisopliae
strains. Our results did not corroborate with tHeidings, which reported that chitinase
genes could discriminatd. anisopliaestrains. Moreover, those findings were not related

the pathogenic potentiality &. anisopliaestrains.

All ICIPE M. anisopliaeisolates that were used in this experiment shalwedameshi2 and
chi4 gene sequences, despite the fact that they orégirfeom different countries in Africa.
Only IMI330189 M. anisopliaevar. acridum), which originated from Niger, showed a

nucleotide substitution in thehi4 sequence, that was non-synonymous.

Chitinase genehi2 has been reported to be mainly responsibléMoanisopliaevirulence
(Boldo et al, 2009). This would imply that all the investigatisolates with samehi2 gene
should have the same virulence pattern to diffeieséct pests. In light of results, two
hypotheses arise: chitinase genes are either glifieily regulated (i.e. different expression
levels) in different isolates or there are otherapzeters that affect the process of infection.
Regarding the first hypothesishi2 gene has been reported to be up-regulated bynchiti
(which serves as a carbon source to the fungus)raocdnditions of fungus autolysis, and is
down-regulated by glucose (Baratb al, 2006). Chitin composition of insect cuticle can
affect chitinase production level (Gblowskiaet al, 2007 #268) which would justify the
difference in virulence. Since insect pests hawexigh cuticle composition, virulence may
vary accordingly. Moritzt al (1997) reported that adult thrips and larvae d@genhdifferent
cuticle structures, which could explain, in parbhe tdifference in susceptibility to
entomopathogenic fungi (Ugiret al, 2005; Manianigt al, 2002; Vestergaard, 1995). On
the other hand, thehi2 gene contains 70 bp introns, consequently, Bat@l (2010)

reported a possibility of splicing of thehi2 protein suggesting that there are different
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transcripts that are generated from the same DNjuesece. This information does not
explain the variability observed on pathogenicityomg different isolates reported here. This
study suggests the presence of other relevant réadt@t affect fungal virulence. For
exemple, factors such as conidiation genes, toxauyction genes are often overlooked.
Niassyet al (unpublished data) observed that ICIPE 69 proslusere conidia than ICIPE
20 and ICIPE 7 which were also virulent to lerankliniella occidentalidarvae. Fanget al
(2007) demonstrated that gene disruption of cotiahisassociated gene (cag8) M.
anisopliaeresults in the lack of conidia on agar plates andinfected insects, reduced
mycelial growth, decreased virulence suggestinginikielvement of cag8 is involved in the
modulation of conidiation, virulence and hydrophobynthesis itM. anisopliae

Metarhizium anisopliaestrains are being screened and selected usingiclamassays for
their virulence for biopesticide development. Aliigh chitin digestion is a critical step in the
success of fungal infection, the use of chitinasmeg for genotyping might not be
appropriate for virulence characterisation. Othearameters need to be taken into
consideration for the characterisation of fungalieince. This study suggests further work
including chitinase gene expression profiling andvitro chitin digestion procedures to

compare quality and quantity of chitinase producttetween various ICIPE isolates.
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CHAPTER SIX
6.0 COMPATIBILITY OF METARHIZIUM ANISOPLIAE ISOLATE ICIPE 69 WITH

AGROCHEMICALS USED IN FRENCH BEAN PRODUCTION

6.1 Introduction

French beanPhaseolus vulgarid.. (Fabaceae), is one of the most important védiesa
exported from East Africa. In Kenya, it accounts doer 60% of all export crops (Nderidt

al., 2007). French bean is a host to a wide rangeseft pests including aphids, coleopterans
and thrips (Nuez and Prohens, 2007). The Westawefl thrips (WFT),Frankliniella
occidentalis(Pergande), is the most important thrips in EaticA causing considerable
damage to production of French bean in Kenya. 1965d0-60% at the farm and 20% at the
collecting points have been reported (Ndeeitwal, 2007). In addition to insect pests, French
bean is also vulnerable to many diseases causduhdigria, fungi and viruses (Nuez and
Prohens, 2007). Presently, the commonly resortédropo control these insects and diseases
is to apply synthetic chemical insecticides, acdeis, fungicides, and to some extent
botanical insecticides. However, WFT is believedhttve developed resistance to all the

major classes of chemical insecticides (Jenser)200

In recent years, entomopathogenic fungi have beseldped as microbial insecticides as
alternatives to synthetic chemical insecticidestfa control of many insect pests including
thrips (Butt and Goettel, 2000; Chandétral, 2008).Metarhizium anisopliagMetschnikoff)
Sorokin isolate ICIPE 69 is among the fungal pa#msgunder development for the control of
WFT and other of thrips species includiMggalurothrips sjostedtiTrybom andThrips
tabaci Lindeman in East Africa (Ekesit al, 1998; Ekesi and Maniania, 2000; Maniaata
al., 2002; Manianieet al, 2003). Since French bean is host to variodz@vbd pests and
fungal diseases, which require application of sghthpesticides to control them, it is
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necessary to evaluate the compatibility of entorttopgenic fungi based biopesticides with

these commonly used synthetic pesticides in thdegbrof integrated pest management

(Ekesi and Maniania, 2000; Irigaray al, 2003; Da Silva and Neves, 2005). In the present
study, we investigate the effects of 12 agrochelsic@mmonly used in French bean

production onM. anisopliae isolate ICIPE 69 in terms of vegetative growth, idan

production, mycelial mass and virulence againsbiseédnstar larvae df. occidentalis

6.2 Materials and Methods

6.2.1 Agrochemicals

Twelve agrochemicals commonly used in French beadygtion were selected to assess
their compatibility withM. anisopliaeisolate ICIPE 69. They included five insecticideso

acaricides, three fungicides and one botanicalgiést(Table 6. 1).

6.2.2 Vegetative growth

Hundred (100) ul of conidial suspension titratedléficonidia mi* was spread-plated on
Potato Dextrose Agar (PDA) medium and incubate®5atC. After 48h post-inoculation, a
plug (0.4-cm diameter) was removed using a cockrband placed on PDA plates previously
mixed v/v of each chemical. Orthogonal lines wen@agh on plates to monitor the growth of
the mycelial plug. Data for vegetative growth weeeorded at 5, 11 and 19 days after
insertion of the plugs. No chemical was added & c¢bntrol treatments, and all treatments

were repeated six times. Plates showing contanimatere discarded.

54



Table 6. 1: List of main agrochemicals used in Frezh bean pest management

Chemicals Trade Name Active Ingredient Formulation Target pests Group
Insecticides  Actara — Syngenta Thiamethoxam 250¢/K9>5 Citrus thrips Neonicotinoid
Duduthrine (Karate) L-cyhalothrin EC 1.75¢/l Leppdera, Hemiptera, Pyrethroid
Diptera, Coleoptera
Confidor - Bayer Crop Imidacloprid SC200 Aphid, g, brown flea, Neonicotinoid
whitefly sucking insect
Dursban - Dow Chlorpyrifos EC 480 g/l Ants, Aphids, ArmywormsQrganophosphate
AgroSciences mites, fleas, aphids, ticks
Murphy - Murphy Diazinon EC30-60ml/20l Horticultural pest, fruiee#s Organophosphate
Chemicals pest
Botanical Achook Azadirachtin EC 0.15% Nematicide/insectcid Limonoid
insecticides
Neemrocl Azadirachtir EC 0.03% Vegetable pes Limonoid
(Diamondback moth)
Acaricides Dynamec - Syngenta  Abamectin EC 1.8 o Tspotted spider mitesNaturally derived
Thrips, Psylla insecticide/acaricide
Oberon - Bayer Crop  Spiromesifen SC 240ga.i./l WHly, spider mite and Keto-enol
psyllids
Fungicides Goldazim - CollinCarbendazim SC 500 fungi Benzimidazole carbamate
Campbell
Kocide— Dupon Copper Hydroxid Bacteria and Fun Copper fungicid
Milraz WP76 - Dow Prcbineb + 700g/kg 60g/k fungi Dithiocarbamate +  eth
AgroSciences Cymoxamil urea

EC=Emulsifiable concentrate, SC= Suspension CoraientWWDG=Water Dispersible Granule.
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6.2.3 Mycelial mass

Petri dishes used for vegetative growth were kepabuthree weeks after insertion of the plug
and the mycelial mat was harvested using a spainthimmediately weighted and then

placed in an oven at 50°C for 30 minutes to asbesdry weight.

6.2.4 Conidia production.

Potato Dextrose Agar plates previously mixed v/veath chemical were inoculated with
48h-old M. anisopliaeplugs as described earlier. The mycelial mat wawdsted three
weeks after inoculation and suspended in 10ml 0.0&%n then vortexed for 1 mn to obtain

homogeneous suspension. Conidia were quantifiediéeubauer counting chamber.

6.2.5 Effects of combining imidacloprid and thiametoxam with Metarhizium anisopliae

ICIPE 69 on the susceptibility to second-instar lava of Frankliniella occidentalis.

Three concentrations of imidacloprid and thiame#mox(10%, 20%, and 50% of the
recommended concentrations) were combined withetlm@ncentrations oM. anisopliae
(10°, 10’ and 16 conidia mi*). Recommended doses (100%) of imidacloprid (0.5ratd
thiamethoxam (0.2g/l) were included as a checknéhrebean pods were surface-sterilized in
3% sodium hypochlorite and rinsed thrice in stedistilled water before being used.
Treatments consisted of soaking French bean podsrious suspensions for 10 seconds.
Pods were then transferred to paper towel and atlow dry for 5-10 minutes. Treated pods
were later transferred individually in 10-ml gldabes containing paper towel to allow insect
pupation and absorb the excess moisture from tlde Ppaenty second-instar WFT larvae

were introduced in the tube containing treated éhdoean. Test-insects were maintained at
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25 °C and 70% humidity for 8 days. The tube wasedbusing a lid with a hole of 1-cm
diameter covered by a thrips proof mesh to allowtiegion. Mortality was recorded daily

for eight days and the experiment was repeatedtioes.

6.2.6 Data analysis

Data were arcsine transformed for normalization andlyzed using SAS, (SAS Institute
2002-2003). Compatibility (T) was calculated aca@ogdo Alves’s formula: T= [((20 x VG)

+ (80 x S))/ 100] (Alves et al., 1998); wherebye tralues for the vegetative growth and the
spore production (S) are given in percentage mtim to the control; where T from 0 to 30 =
very toxic; 31 to 45 = toxic; 46 to 60 = moderatébxic; 60 to 90 = compatible; > 90 =
highly compatible. A correlation between the vetgegagrowth, the conidia production, the
mycelial mass and the mycelial dry mass was peddrand a Principal Component Analysis
(PCA) was used to confirm the effect of chemicaistte fungus. Percentage mortality (at 7
days post-treatment) was also adjusted for natoaatality in controls using Abbott (1925)
formula before analysis and was then analyzed SMQVA (SNK). The LTs, values were
determined for each replicate using the probit ysigl method and compared among
themselves using ANOVA followed by mean separatising Student-Newman-Keuls

(SNK) test, (P = 0.05).

6.3 Results

6.3.1 Vegetative growth

At recommended dose, the vegetative growtiMofanisopliaevaried significantly between

the treatments at 5 dayigFs,= 97, P < 0.001), 11 day{F.77= 195, P < 0.001), and 19 day
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(F12, 283= 252; P < 0.001) post-inoculation. With exceptiorl9 days post-inoculation where
the vegetative growth in the control and imidaddwas similar, the vegetative growth in
the control was significantly higher than in théet treatments (Table 6.2). No vegetative

growth was recorded with carbendazim.

6.3.2 Conidia production

The conidia production varied significantly amohg treatments (& 277= 19.1; P < 0.0001).
There was no significant difference between thetrognabamectin, imidacloprid and
thiamethoxam. There was significant difference leetwthe control and the other treatments.
Carbendazim caused the most deleterious effectvasdsignificantly different from the rest

of the treatments (Table 6. 3).

6.3.3 Mycelial mass

The mycelial mass was higher in the control andyb&othrin treatments than in the other
treatments (B 277 = 109.0, P < 0.0001) (Table 6. 3; Plat®etarhizium anisopliagn
association with L-Cyhalothrin produced the highsrst weight (284.4 mg), followed by the

control (147.2 mg) (Table 6. 3).
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Plate 6. 1 : Effect of Achook, Duduthrine on radialgrowth of Metarhizium anisopliae
ICIPE 69

Plate 6. 2: Effect of Dursban, Goldazim Murphy and Neemrock on Metarhizium
anisopliae radial growth and spore production.
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Table 6. 2: Effect of 12 selected agrochemicals amegetative growth of Metarhizium anisopliae ICIPE 69 at 5, 11 and 19 days after

inoculation at 25 °C

Vegetative growth (mm)

Chemicals Days after inoculation
5 11 19

Control 8.6 +2.3a 17.4+0.3a 29.2+0.3a
Abamectin 6.7 +0.2b 12.5 +0.3cd 22.7£0.9c
Azadirachtin 0.03% 5.6+0.2c 11.2 +0.7ed 18.9%d1
Azadirachtin 15% 6.8+0.2b 13.7 +£0.2bc 21.43c0.
Carbendazim 0.0 £ 0.0f 0.0 £0.0h 0.0 £ 0.0i
Chloropyrifos 2.3%0.2e 5.1 + 0.3qf 11.2 +0.3g
Copper Hydroxide 2.8+0.2e 5.8 £ 0.4f 11.1+0.49g
Diazinon 2.3+0.2e 4.3 +£0.3g 9.2 +0.5h
Imidacloprid 6.6 £0.3b 14.3+0.4b 29.3+0.4a
L-Cyhalothrin 57+0.3b 10.8 £ 0.3e 16.5+0.3e
Probineb 3.8+0.3d 12.4 +0.3cd 13.1 + 0.5f
Spiromesifen 5.4+0.2c 12.4 + 0.3cd 21.6 £0.8c
Thiamethoxam 5.3%+0.2c 12.7 + 0.4cd 25.7+0.5b

F=97, DF=12,282; P <0.001 F =195, DF =12, 277; P <0.001 F =252, DF =12, 283; P <0.001

Means in columns followed by the same letters atesignificantly different by SNK
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Table 6. 3: Conidia production and mycelial mass,fdCIPE 69 exposed to recommended doses of 12 agheeicals on SDA for three

weeks after plug insertion

Chemicals Conidial production x 16 Mycelial mass M. Dry mass
Control 14.0+0.8a 338.2+16.9a 147.2 £10.7b
Abamectin 143 +1.3a 90.8 + 0.9cd 34.0+1.9c
Azadirachtin 0.03% 4.7 £0.8b 142.3 £ 4.5b 64.03c7
Azadirachtin 0.15% 2.9 +0.8b 100.7 £+ 13.0cd 343 e
Carbendazim 0.0 +0.0c 0.0 £ 0.0f 0.0+£0.0c
Chloropyrifos 0.6 £0.1b 74.4 + 8.0ed 28.6 £4.0c
Copper hydroxide 1.2+0.1b 70.8 + 4.0ed 54.7 £4.6
Diazinon 0.1+0.0b 98.2+7.7cd 28.6 £ 4.0c
Imidacloprid 14.1 £ 3.9a 118.0 £ 52.0bc 54.6 £2.9c
L-Cyhalothrin 3.6 £0.3b 318.0 +13.0a 284.4+%5.0
Propineb 1.2+0.1b 52.4 +6.0e 46.1 +16.1c
Spiromesifen 54+1.1b 73.3 £2.0ed 34.4 £ 1.4c
Thiamethoxam 9.9+1.0a 125.0 + 4.0bc 47.0 £ 0.5c

F=19.1; DF=12, 282; P<0.0001

F=109.0; DF=12, &0(.0001

F=10.7; DF=12, 283; P<0.0001

Means in columns followed by the same letters atesignificantly different by SNK
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6.3.4 Classification of toxicity of agrochemicals gainst Metarhizium anisopliae isolate

ICIPE 69 according to Alves model

According to the Alves’s model, thel. anisopliaelCIPE 69 was highly compatible with
abamectin, imidacloprid and compatible with thianesam. Spiromesifen showed a
moderately toxic effect, while azadirachtin andylhalothrin were toxic to the fungus (Table
6. 4). Chlorpyrifos, carbendazim, diazinon, coppgiroxide and probineb were very toxic to
the fungus. There was a strong correlation betwegetative growth and conidia production
(Pearson, = 0.9; P = 0.0002), and between the mycelia masstia@ mycelia dry mass
(Pearson, £ 0.9; P < 0.0001); whereas there was no strongeledion between the mycelial
mass and conidial production (Pearsors 0.4; P = 0.15) (Table 6. 5). The principal
component analysis (PCA) showed that imidaclopaigthmectin and thiamethoxam can be
grouped as chemicals with no effects on vegetafreavth and conidia production of ti.
anisopliae(Figure 6.1). On the other hand, azadirachtintaedungicides, copper hydroxide
and propineb, affected the vegetative growth anudi@ production of theM. anisopliae
The fungicide carbendazim had the most deleterefiesct among all the agrochemicals
tested. Spiromesifen which was moderately toxicAlwes model centred between the

compatible and the toxic chemicals (Figure 6.1).
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Table 6.4. Compatibility of 12 selected agrochemids with Metarhizium anisopliae

ICIPE 69, according to Alves model, (Alves et al1998).

Chemicals VG SP T Classification
Abamectin 77.5 102.3 97.4 Highly Compatible
Azadirachtin 0.03% 64.7 33.6 39.9 Toxic
Azadirachtin 15% 73.2 21.1 31.t Toxic
Carbendazim 0 0 0 Very Toxic
Chloropyrifos 38.1 4.2 11.0 Very Toxic
Copper Hydroxide 38.0 8.5 14.4 Very Toxic
Diazinon 31.5 1.0 7.1 Very Toxic
Imidacloprid 100.2 101.2 101.C Highly Compatibli
L-Cyhalothrin 56.£ 25.% 31.7 Toxic

Probineb 44.9 8.5 15.8 Very Toxic
Spiromesifen 73.8 38.7 45.7 Moderately Toxic
Thiamethoxam 87.8 70.9 74.2 Compatible

VG= Vegetative growth; SP= Spore production; T= @atibility value
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Table 6. 5: A Pearson correlation (r; p) between 4arameters: vegetative growth,

conidia production, mycelial mass and dry mass.

Mycelia mass Mycelia Dry mass Conidia production
Vegetative growth 0.5; 0.07 0.3;04 0.9; 0.0002
Mycelia mass 0.9; <0.0001 0.4; 0.15
Mycelia dry mass 0.2; 0.6

P > |r] under HO: Rho=0

6.3.5 Effects of imidacloprid and thiamethoxam on tie virulence of Metarhizium

anisopliae ICIPE 69 to second-instar larvae ofrankliniella occidentalis.

Mortality caused by imidacloprid alone varied betwe44.3% (10% of recommended
concentration) and 94% (recommended concentraéind)the one by thiamethoxam ranged
between 33% (10% recommended concentration) and @8&ommended concentration)
(Table 6. 6).Metarhizium anisoplia@pplied alone caused mortalities of 34, 54 and a6%
the concentrations of $010" and 18 conidia mt*, respectively (Table 6. 6). At i6onidia
ml™?, the combination with imidacloprid and thiamethoxat 10, 20 and 50% was different
from the fungus alone in term of mortality. Althdughe combination of different
concentrations oM. anisopliaewith different concentrations of the two chemiceld not
affect the virulence of the fungus, it did not rfésm any synergism (Table 6. 6). However,
the combination of thiamethoxam at the concentnath 10% with M. anisopliaeat the
concentration of 10onidia mi* resulted in short L3, of 6 days as compared to 13 days with

thiamethoxam alone and 11 days with the fungusea{dable 6. 7).
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Table 6. 6: Mean Mortality (+ SE) of second instalarvae of Frankliniella occidentalis treated with Metarhizium anisopliae ICIPE 69 in

combination with different rates of imidacloprid and thiamethoxam.

Conidial concentrations mf*

Chemicals 0 16 10 10
0% RC - 33.5+4.6b 54.0+2.1a 76.2+2.1a
10%RC 44.3 £ 10.9b 69.6 + 11.3a 66.5+11.9a 7710.7a
_ _ 20%RC 74.0 £ 14.5ab 74.8 +11.3a 78.5 + 8.6a 85 2a
Imidacloprid
50%RC 86.3 £10.8a 75.0 +1.8a 88.5 £ 9.6a 89.0a4.8
100%RC  94.0 £ 3.5a - - -
F=4.94, P=0.03, DF=3 F=5.63, P=0.01, DF=3 F=2r84).08, DF=3 F=0.68, P=0.58, DF=3
10%RC 33.3+9.2c 59.2 + 8.5a 65.0 £9.0a 82.2 +d 0.5
_ 20%RC 55.7 £ 13.9bc 64.5 + 6.6a 74.2 £5.9a 9164
Thiamethoxam
50%RC 73.0 £ 6.8ab 76.0 £10.5a 75.2 £ 4.2a 91.Ba4
100%RC  92.2 £6.0a - - -
F=8.17; P=0.006, DF=3 F=5.18, P=0.016, DF=3 F=2186).08, DF=3 F=1.28, P=0.32, DF=3

RC: Recommended Dose of the chemical on French tregrper litre of water imidacloprid and thiamethm respectively 0.5ml/l and 0.2g/I.

Within a column means followed by the same letégesnot significantly differerstudent-Newman-Keuls
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Table 6. 7: Median Lethal Time LT50 (days) ofMetarhizium anisopliae ICIPE 69 formulated with different rates of imidacloprid and

thiamethoxam on second instars larvae dfrankliniella occidentalis

Conidial concentrations

Chemicals  Rates 0 19 10’ 10
0% RC - 11.0 £ 0.1aA 6.5 +0.4aB 4.0 £ 0.6aB
10% RC 8.4 +1.0aA 5.0 £ 0.5bA 5.9 + 1.0bA 5.0 3dA
20% RC 4.3 +0.7bA 4.8 + 1.0bA 3.7 + 0.6bA 3.8 2dA

Imidacloprid
50% RC 3.7 £ 0.3b/ 4.0 £0.1bA 3.3 +0.2b/ 3.3+0.3a/
100% RC 2.3+0.1b - - -
10%RC 12.5 £+ 5.4a/ 6.2 + 1bAE 5.8 + 0.9abAl 3.5+ 0.5al
20%RC 6.4 +1.4aA 5.1 £+ 0.2bA 4.3 + 0.6bA 3.4 A5
Thiamethoxam

50%RC 4.4 +0.2aA 4.8 + 0.9bA 4.3 +0.2bA 3.1 tadM\4
100%RC 2.6 +0.4a - - -

RC = Recommended concentration.

Means within the same row with the same capitéistare not significantly different by SNK

Means within the same column followed by the samallsletter are not significantly different by SNK.
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Figure 6.1: Principal Component Analysis: Effects 612 agrochemicals on the vegetative
growth, spore production, mycelial mass oMetarhizium anisopliae ICIPE 69 on PDA at

25 °C.

6.4 Discussion

A wide range of agrochemicals including botanicatl synthetic chemical pesticides are
applied to control pests and diseases in French. Bd& agrochemicals commonly used to
control arthropod pests and diseases in French sbamved various effects on the

entomopathogenic fungud. anisopliaeisolate ICIPE 69. For instance, azadirachtin, the
fungicides, L-cyhalothrin and chlorpyrifos were itw%o the fungus (Plate 6.1). Chlorpyrifos

has already been reported to negatively afféctinisopliae,probably due the presence of

chlorus (Li and Holdom, 1995). On the other handmbination of chlorpyrifos with

sublethal concentrations d&fl. anisopliaehas been reported to have additive synergistic



effects on German cockroactBlattella germanica (L.) (Dictyoptera: Blattellidae)
(Pachamuthu and Kamble, 2000). Both synergistic amdgonistic effects of azadiracthtin
have been reported against several isolat&eativeria bassianéBalsamo), (Mohart al,
2007). Depieriet al, (2005) and Rachappat al, (2007) reported the inhibition of
entomopathogenic fungi by azadirachtin. Althougghhmycelial mass and dry mass was
produced with L-Cyhalothrin, it was classified asit to theM. anisopliaelCIPE 69. The
negative effect of L-Cyhalothrin on entomopathogefiingi has been reported earlier
(Olajire and Oluyemisi, 2009). The deleterious efeof carbendazim oM. anisopliae
mycelia growth and conidia production observedhis study are similar to the findings of
Moorhouseet al, (1992) and Rachapm al, (2007) on the same fungus (Plate 6.2). The
acaricides showed varied effects on MeanisopliaelCIPE 69 as reported earlier by Shi et
al., (2005). For instance, abamectin was highly cdilgawhile spiromesifen moderately
toxic. Abamectin has also been reported to be ctibipao entomopathogenic fungi (Tamai
et al, 2002). Imidacloprid and thiamethoxam did not énadeleterious effects on the
vegetative growth and conidia production. Comphtybiof the two neonicotinoids with
entomopathogenic fungi has already been reportedhéyy workers (Filhcet al, 2001;
Neveset al, 2001; Wenzekt al, 2004). Although the combination of these tworloals
with the fungus did not affect the virulence of thagus, no synergism was observed, except
with the association of the fungus at the concéintraof 18 conidia mi* and thiamethoxam
at the concentration of 10%, resulting in shorts_.TDara and Hountondji (2001) also
reported the lack of synergism between imidaclomit Hirsutella thompsoniiFisher
against the cassava green niitenonychellus tanajo&ondar. However, many studies have
shown that imidacloprid significantly increaseseicispest susceptibility when combined with

M. anisopliae(Ramakrishnaet al, 1999; Ansaret al, 2007; Santost al, 2007).
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This study shows that some of the synthetic chdnmeaticides and botanical insecticides
used to control insects and diseases in Frenchlmeannegative effects on the anisopliae
ICIPE 69. Therefore, it will not be advisable tophpthem at the same time withl.
anisopliae ICIPE 69 meant for the control of WFT. On the othand, imidacloprid and
thiamethoxam can be suggested in French bean groduo combination with the fungus.
Field studies to evaluate the compatibility ofsheagrochemicals with the fungal isolate
applied either as combinations, or incorporatedlgimvith the isolate will bring additional
information on how M. anisopliae ICIPE 69 can be successfully incorporated in IPM

systems together with the insecticides.
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CHAPTER SEVEN

7.0 EFFECTS OF HOST-PLANT ONMETARHIZIUM ANISOPLIAE INFECTION TO

FRANKLINIELLA OCCIDENTALIS PERGANDE (THYSANOPTERA: THRIPIDAE)

7.1 Introduction

The Western Flower Thrips (WFTErankliniella occidentalis(Pergande) (Thysanoptera:
Thripidae), is an economically important pest ia thorld. It is polyphagous and can thrive
on more than 250 plant species belonging to overfaBfilies, including French bean,
Cowpea, Snow pea (Lewis, 1997b). In Kenya, yiekbés by WFT can often reach 60% of
the harvest due to direct feeding and yield loggection at farm gate and quarantine
restrictions issues (Nderitet al, 2008). Synthetic chemical insecticide spraysehalways
been the principal method of thrips management {£e®997a). Other approaches using
cultural practices and plant resistant varieties also being recommended to farmers
(Nderitu et al., 2007). However, the use of chehpesticides is no longer sustainable due to
Maximum Residue Limit imposed by the European Un@md environment hazards.
Moreover, thrips have developed resistance to nsgnyhetic chemical insecticides (Jensen,
2004). Entomopathogenic fungi are among the mostnj@ing alternative to chemical
pesticides being developed for the control of thr{gkesi and Maniania, 2000; Butt and
Brownbridge, 1997)Metarhizium anisopliadCIPE 69 is already under registration for the

control of thrips in ornamental system.

A number of French bean varieties with differentinoceercial value and levels of tolerance to
thrips damages are cultivated in Ker{jderituet al, 2007). Plants produce a diverse array

of chemicals some with defensive properties (KasgH2006; Teuloret al, 2010; Ugineet



al., 2007). Furthermore, the host plant on which itheect thrive on may confer insect
resistance to fungal infection through the pro@éssequestration (Uginet al, 2007).

The variability of released compounds between tiagecould influence fungal efficacy

(Ekesiet al, 2000).

The role of tritrophic interactions plant host,ens host and entomopathogen in biological
control has often been overlooked. Therefore, the @ this study was to determine the
effects of intra and interspecific host-plant vioas on the virulence dfl. anisopliaeto

western flower thrips.

7.2 Material and methods

7.2.1 Plants

Three (3) French bean cultiva®amanthaAlexandriaandJulia and snow pea were used in
this study Crops were planted in plastic pots in field-caisn length by 3 m width by 2.2
m height), using a mixture of manure and soil imato of 1-5, respectivelyCrops were

grown in the greenhouse and bean pods and flowers used as food supply for thrips.
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Plate 7. 1: Pods of host-plants and experimental nditions

7.2.2Frankliniella occidentalis colony

The rearing methods were details widely in sectBo®. Frankliniella occidentaliswere
reared up to three generations on the four hostgl&econd instar- larvae were used in the

experiments.

7.2.3Metarhizium anisopliae
Metarhizium anisopliaésolate ICIPE 69 was used in the present studyall described in

Chapter 4.
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7.2.4 Effect of host-plant on the virulence oMetarhizium anisopliae on Frankliniella

occidentalis

Ten (10) ml of concentrations of x110%; 1 x 10"; 1 x 10° conidia mI* was sprayed on four
pods of the four host-plants using a Burgejon spoayer (Burgejon, 1956). Tests insects
were handled as described in previous sectionsh Baatment was randomized and each

treatment was repeated four times.

7.2.5 Data analysis

Percent mortality was corrected for control motya{Abbott, 1925 #1)and normalized by
arcsine-transformation before being subjected &dyais of variance (ANOVA) using PROC
GLM, at 95% level of significance. Student-Newmaetls analysis was used to separate the
means as a post-ANOVA procedure. Median lethal tith&sg) and median lethal
concentration (L&) were estimated using a Probit model. These aeslysere carried out
using GENMOD procedure of SAS version 9.2. Fiduclahits overlappings (95%

confidence intervals) were used to identify diffeses among the values of 4gT

7.3 Results

There were significant differences in mortality weén the four host- plants (F = 4.6; P =
0.008). There were a significant differences in taldy between theM. anisopliae
concentrations (F = 23.6; P = 0.0001). Howeverelveas no significant interaction between

the two factors host-plants and tfe anisopliaedoses (F = 0.8; P = 0.6).
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7.3.1 Effect of host-plant on the virulence oMetarhizium anisopliae on second instar

larvae of Frankliniella occidentalis
At low concentration 1 x fOconidia mi* of M. anisopliae there was no significant
difference between the French bean varieties. Hewthere were no significant differences

between snow pea and the three French bean varietie

Table 7. 1: Factorial ANOVA describing the effect & Host plants on the virulence of

Metarhizium anisopliae on Frankliniella occidentalis

Treatments DF Fisher's F Pr>F

Host plant 3 4.€ 0.00¢
M. anisopliaeconcentrations 2 23.6 < 0.0001
Host plant™. anisopliae 6 0.8 0.6

However, the interaction between host plants aedvthanisopliaeconcentrations was not
significant (F = 0.8; P = 0.6).
At 1 x 10 conidia mI* of M. anisopliae there was no significant difference between the 3

varieties of French bean and snow pea.

At high concentration 1 x foconidia mt* of M. anisopliag there was no significant

difference between the French bean varieties aod pea (Figure 7. 1).
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Figure 7. 1: Host plant effect onMetarhizium anisopliae virulence on Frankliniella
occidentalis. With the same fungal treatment, means bearing saenletters are not

significantly different in SNK.

The analysis of the Lgp values showed that at 1 x®ibnidia mI* AlexandriaandJulia had
significantly shorter L%, values as compared 8amanthaThe LTs, value for snow pea was
not significantly different fronAlexandriaandJulia, but significantly shorter thaBamantha
(Table 7.2).

At 1 x 10 conidia mI* Alexandriahad the shortest ls§as compared tdulia while it was
not significantly different fronBamanthaand Snow pea.

At 1 x 10° conidia mI* Alexandriahad the shortest Ls§ and was significantly different with
the other host-plants. There were also signifidifference betweedulia and Samantha
There was no overlapping betweétexandria and Samantha There were no significant
difference between snow pea aBdmanthaHowever snow pea was significantly different

with Julia andAlexandria(Table 7. 2).

75



Table 7. 2: Median Lethal time &. anisopliaeapplied orFrankliniella occidentaligeared
on different host-plants

M. anisopliae concentrations (conidia mf)
Host-Plants 1x10° 1x 10’ 1x10°
LTse Fid. Limit LTso Fid. limit LTsc Fid. limit
Alexandria 8.6 8.1-9.1 7.87.4-8.2 5.75.4-5.9
Julia 9.2 8.7-10.0 9.08.5-9.6 7.16.9-75
Samantha 11.7 10.7 - 13.2 8.48.0 - 9.0 6.76.4—7.0
Snowpea 9.6 9.1-10.1 7.67.3-8.0 6.96.6 — 7.0

Table 7. 3: Overall median Lethal time (LTso in days) of 29 instar larvae of
Frankliniella occidentalis treated with 3 different doses ofMetarhizum anisopliae; 1 x

10°% 1 x 10; 1 x 1@ conidia mI™.

Host-plants  LTsgDays (95%) Fiducial limits Probit model

Alexandria 72 7.0-74 P = Probit (— 1.70 + 0.23 x Days)
Julia 8.3 8.0-8.6 P = Probit (— 1.96 + 0.23 x Days)
Samantha 8.7 84-9.0 P = Probit (— 1.87 + 0.21 x Days)
Snow pea 79 78-81 P = Probit (— 2.09 + 0.26 x Days)

Median lethal time (L) with overlapping fiducial limits is not significdly different

The overall comparison of the kJ'values between the host-plants showed #exandria
had the shortest Ls§ value (7.2) and was significantly different wiflulia and Samantha
respectively 8.3 and 8.7. There was no signifidifierence betwee®amanthaand Julia.
Compared to snow pea there were no differencesTip bhetween snow pea anhllia.
However there were significant difference betwédexandriaand Snow pea and between

Snow pea an@amanthd95% confidence interval) (Table 7. 3).
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7.4 Discussion

The effect host-plant on fungal virulence on inspest in often overlooked. In terms of
tolerance td~. occidentalisa study carried out by Nderiet al (2008) showed that the pod
damage score was similar betwekiia and Samanthaand the mean total number of thrips
was approximately the same which would implies thregect susceptibility to fungal
treatment when reared on those two varieties wbeldpproximately the same. This was not
the case in our study; although there were no fsogmit differences in mortality (Figure 7.1),
F. occidentaliswas more susceptible when rearedJafia than onSamanthaTable 7. 2).
The variability of released compounds among plamrteties can influence fungal efficacy.
For instance, Ekest al (2000) reported that some effects of airborneatlels and crude
extracts of tolerant variety revealed an inhibitaffect on fungal germination, colony

forming units and growth.

The overall comparison of ls§ values showed that thrips raised with the Freneanb
varieties Alexandria were more susceptible than those fed withia or Samantha The
French bean varietilexandriais a newly introduced tolerant variety in Kenya éxport. It
has been previously reported that food quality casrease insect resistance to fungal
infection for instance which could partly explahrips susceptibility. The difference of pest
susceptibility when reared on different speciesho$t-plant has been reported by many

authors (Migiroet al, 2011).

Moreover, parameters such as differential levelsuifstrates humidity or rates of conidial
acquisition (pick-up) from treated plant surfacesé been reported to affect tremendously
fungal virulence (Poprawslet al, 2000). For instance, WFT reared on snow pea seems

to be as susceptible as those raised on French JsemtiesAlexandriaand Julia. In this
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study the selected host-plants varied in termshape size and shelf-life. These variations
can result in subsequently differences in suscéiptibo M. anisopliaeinfection in terms of
conidia acquisition and food quality. For instanitdyas been shown that thrips fed on plant

pollen are less susceptible than thrips fed ondeg\gineet al, 2007).

This study demonstrated th#. anisopliaevirulence can be affected by inter and intra
specific variations of host-plants. Results suggiestM. anisopliaeapplication rate should
be adjusted during the contiel occidentalisn French bean varieties such@asmanthand
Julia as compared to French bean vAtexandria and Snow pea. This variability of
susceptibility ofF. occidentalisto different host-plants should be taken into derstion

during pest management.
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CHAPTER EIGHT

8.0 PERFORMANCE OF SEMIOCHEMICAL-BAITED AUTOINOCULA TION
DEVICE WITH METARHIZIUM ANISOPLIAE THE CONTROL OF

FRANKLINIELLA OCCIDENTALIS ON FRENCH BEAN IN FIELD-CAGE

8.1 Introduction

Frankliniella occidentalis(Pergande) is a pest of many cultivated cropssioguhigh
economic losses. It is also a vector of tospouilissases on many cultivated crops (Lewis,
1997b). Due to their minute size and cryptic hathitips are very difficult to manage.
Synthetic chemical pesticides are the most comrtrategy used for the control of thrips.
The ongoing use of these chemical pesticides ikiemunsustainable due to their adverse
effects on the environment and the developmentsistance among thrips species (Jensen
2004). This coupled with the stringent measure$ stscthe Maximum Residue Limits set
up by the European Union on export produce hasoéde search for more environmental-
friendly alternatives.

Entomopathogenic fungi are among the alternativeisigo considered. One isolate of
Metarhizium anisopliagMetchnikoff) Sorokin ICIPE 69 which has been regpd to be
highly pathogenic on major thrips pests (Maniagtial, 2002; Ekesi and Maniania, 2000a;
Ngakou et al, 2008) is in the process of registration in Keriga the control ofF.
occidentalis Inundative release is so far the only mode ofliegtion of the insect
pathogen for the control thrips in a cropping sys{daronski, 2010).

Semiochemicals; pheromones and allelochemicalsomalhes; kairomones and
synomones, initially developed as tools for thnipsnitoring are now being investigated

for thrips controloccidentalis are attracted to semiochemicals (Teuktnal, 2008;



Koschier, 2006; Koschier, 2008). In greenhouse ttimms, 18 — 20 folds increase in trap
captures of thrips have been reported (van &bgl, 2007). In the open field situation
when tested on French bean crop this attractantfewasd to enhance the trap captures
from 2 — 6 folds depending on the prevailing climatonditions (Muveaet al, 2010).
Since thrips, includingr. occidentalis are attracted to semiochemicals in very high
numbers (Teuloet al, 2008; Koschier, 2006; Koschier, 2008), it maypbssible to apply
the autodissemination strategy, whereby insects dha attracted to a semiochemical-
baited inoculation device are infected with the hpgen before they return to the
environment where they can disseminate the pathagemg host populations (Dowd and
Vega, 1995). Such an approach has already beerogedeagainst fruit flies (Quesada-
Moragaet al, 2008; Dimbiet al, 2003); tsetse flies (Maniania, 2002; Maniaataal,
2006; Maniania, 1998) and recently against leafemifMigiro et al, 2010). The aim of
this study was therefore to assess the performahaesemiochemical-baited inoculation
device of anisoplaie for possible control off. occidentalison French bean in the

screenhouse.

8.2 Materials and methods

8.2.1Frankliniella occidentalis colony

Insect colony has been details in section 3.2

8.2.2 Field-cages and French bean crops

French bearPhaseolus vulgarisar. Samanthavas used in this experiment. The crops was
planted in plastic pots in 50-um mesh field-cagem(length by 3 m width by 2.2 m height)

(Amiran LDT, Kenya), using a mixture of compost aal-dung manure and soil in a ratio
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of 1-5, respectively. Experiments were conducteveen July and August 2010. Fifty pots
were used per field-cage and the plants were uséalxgering stage 45 days after planting.
A “Tiny Tag” data logger (Gemini (2003-2007 UK) Dtdvas placed in the middle of the
field cage to measure diurnal temperature and hiyrddring the trial. The device was set

for four reading every 6 hours a day.

8.2.3 Fungal isolate

Metarhizium anisopliaésolate ICIPE 69 was described in Chapter 4.

8.2.4 Thrips kairomone

A commercial semiochemical for thrips, Lurem-TR, swabtained from Pherobank,
Wagenigen, Netherlands. The active substance isetagl-isonicotinate a pyridine
compound and has previously been reported to beffactive monitoring tool forf.

occidentalis(Davidsoret al, 2007).

8.2.5 Autoinoculation device forMetarhizium anisopliae

The autoinoculation device has been described aptein 3.3.4. In addition, a 9.3-cm blue
plastic disc was added on the top and bottom oti#hce to increase the attraction (Cletn
al., 2004). The semiochemical dispenser was inserteide the smaller plastic diameter

bottle (see Migircet al, 2010).
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Plate 8. 1: Autoinoculation device and device setij in a French bean crop at flowering

stage in Field cage

Approximately 3 g of dry conidia was spread evemy the velvet cloth of the

autoinoculation device. The blue netting was theapped around the velvet cloth containing
spores and tightened with two office pins. The dewvas then hanged at canopy level (35
cm) at the middle of the field-cage (%,n2.2 m height). Five thousand (5000) adult thrips
were released in each field cage containing Fréeem plants at flowering stage. Treatments

were randomized and the experiment was replicatedtimes over time.

8.2.6 Infectivity of Metarhizium anisopliae in autoinoculation semiochemical-baited

device

The treatments consisted of (i) fungus-treatedagewiith semiochemical, (ii) fungus-treated
device without semiochemical, and (iii) fungus-fasvice as control. At 1, 2, 3,4, 5,6 and 7
days post-exposure, 50 adult thrips were randomllgcted from each of the treatment field
cages by tapping a whole plant using a barberdra/an aspirator. Twenty (20) live thrips
were transferred separately using a cotton-plugggrator into 10-ml clean sterile glass

tubes (2 cmx10) each containing a fresh bean poas and brought to the laboratory.
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Tubes containing thrips were maintained in an iatobat 25 £ °C and 8-90% RH.
Mortality was recorded daily for 7 da Dead insects were placed in humidifichamber to
allow for the development of mycosis on the surfa€eadaver. The remaining 30 thr
were used to estimate the conidial acquisition twh&c number of conidia picked up by
single thrips in each treatment. Insects were fearexd individualy into 2-ml cryogenic
tubes containing 1ml of sterile 0.05 % Trito-100. The tube was then vortexed f-3 min
to dislodge conidia from the insect and concergratdof conidia determined using
haemocytometer. Thrips density per plant was atsestsd at 7 days postioculation. Ter
plants were randomly selected for each treatmedhttla® whole plant was tapped five tin
and all thrips falling off the plant were collectasing a barber tray and an aspirator. Ins
were brought to the laboratoryhere they were counted. The experiment was reptictur

times over time.

Plate 8. 2 Thrips sampling technique using a barber tray andaspirator
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Plate 8. 3: Thrips conidial acquisition and mortalty assessment in laboratory

8.2.7 Conidial persistence

A moist cotton bud was used to collect samplesonidia daily (1-7 post-inoculation) from
the auto-inoculation devices in the two treatmeiitse end of the cotton bud containing
conidia was cut and suspended in a 10-ml 0.05% T k-100 and vortexed for 1 min. One
hundred (100) ul of the solution was spread-plae&DA plates and incubated for 16 hours
in incubator at 25 + 2C. Percentage germination of conidia was determiiyecounting the
number of germinated conidia (a germ tube two tithesdiameter of the propagule) from
100 spores counted randomly on the surface aresret\by each cover slip under the light
microscope according to Goettel and Inglis (19%0ur replicate plates per treatment were

used.

8.2.8 Statistical analysis.

Thrips mortality data were corrected for control riabty (Abbott, 1925) and arcsine
normalized before being subjected to analysis dauae (ANOVA) using PROC GLM, at
95% level of significance and Student-Newman-Ke(88NK) analysis was used to

separate the means. A Pearson correlation was tosedtermine correlation between
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thrips mortality and other parameter such as cahigiersistence. Temperature and
humidity data were collected using the Tinytag Bxet software. A linear regression
model was used to study the interactions betweertatity and related factors (conidial

persistence, conidial acquisition, temperaturelandidity).

8.2.3 Results

The overall mean number of conidia acquired peglsitthrips sampled from thrips taken
from field cages after 7 days post-inoculation was S$igamtly higher in semiochemical-
baited device (5.0 + 0.6 x 1@onidia/insect) than in the device without seménital (2.2 +

0.4 x 10 conidia/insect) (ANOVA: E4,= 15.9, P = 0.0002).
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Figure 8. 1: Cumulative mean number of conidia pickd by single thrips in field-cages
at 1 to 7days after placement oMetarhizium anisopliae treated devices with and without

semiochemical.

The cumulative mean number of conidia picked bylsirthrips over time is presented in

Figure 8. 1. Control mortalities in all the treatitee varied between 5.7 and 7.0 % (95%
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confidence interval). The overall mean percentageatity of thrips taken fronfield cages 7
days post-inoculation was 59.3 + 3.9%Mn anisopliaetreated semiochemical-baited device
and 41.7 + 3.5% irM. anisopliaetreated free semiochemical-baited device, which was

significantly different (ANOVA: k 4= 10.9, P = 0.0017).
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Figure 8. 2: Mortality (%) Frankliniella occidentalis adults collected from field cages at

1 to 7days after placement of an auto-inoculationaVice in the field cage.

At day 1 post-treatment, mortality of thrips takiEom field cages inM. anisopliaefree
semiochemical-baited device treatment was signmifilgalow (9.2%) compared tdw.
anisopliaetreated semiochemical-baited device (77.2%) (Bairest: t = 2.4, P = 0.002)
(Figure 8. 2). At day 2 and day 3 post-treatmemeré were no significant differences in
mortality betweerM. anisopliaetreated semiochemical-baited device dhdanisopliaefree
semiochemical-baited device treatment respect®®!§ and 56.2.0% (Paired t-test: t = 2.4, P
= 0.4), 67.2 and 53% (Paired t-test: t = 2.4, @.2) . At day 4 post-treatment, there was a
significant difference in thrips mortality betwethre two treatments 66.0 and 38.2 % (Paired

t-test: t = 2.4, P = 0.02). However, there weresigmificant differences in mortality at day 5,
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6 and 7 post-treatment between the fungus-treaedoshemical-baited device and fungus-
treated device without semiochemical respectiv8lY) &nd 50.2 % (Paired t-test: t = 2.4, P =
0.4), 37.2 and 42.2 % (Paired t-test: t = 2.4,07, 43.2 and 44.5% (Paired t-test: t = 2.4, P

=0.9) (Figure 8. 2).

The number of thrips recorded per plant 7 days-pastulation was significantly lower in
the M. anisopliaetreated devices, 6.6 £+ 1.4 and 8.7 + 1.7 adultsipla fungus-treated
device without semiochemical and fungus-treated i@ememical-baited device,
respectively, than in the control (19.8 = 2.6 asfpliant) (ANOVA: Fg = 12.9, P =
0.0001). However, there was no significant diffeenbetween the thrips pathogen

treatments (Figure 8. 3).
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Figure 8. 3: Number of Frankliniella occidentalis adults per plant from field cages

sampled at 7 days after placement of an auto-inocation device in field cages.
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Conidial viability was not affected ikl. anisopliaetreated device without semiochemical
at 7 days after treatment. HoweverMn anisopliaetreated semiochemical-baited device,
conidial viability decreased from 80 to 6% at 2 ahdays post-inoculation, respectively

(ANOVA: F 1 42=2.3, P <0.0001) (Figure 8. 4).
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Figure 8. 4 :Metarhizium anisopliae conidial viability in the auto-inoculation deviceat 1

to 7 days after placement of an auto-inoculation ihe field cage.

In the treatment device without semiochemical, sitp@ correlation was observed between
temperature and conidial viability while humidityas/ negatively correlated with conidial
viability, conidial acquisition and temperature Pl@ 8. 1). In semiochemical-baited device
treatment, there was a positive correlation betweentality and conidial viability and a

negative correlation between conidia acquisitioth eonidial persistence.
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Table 8. 1: Pearson (R) correlation between paramets affecting thrips mortality of

Metarhizium anisopliae in the field cages with and without semiochemical.

Device - semiochemical Mortality Persistence C. acquisition Temperature Humidity

Mortality -0.1 0.3 -0.01 -0.02
Persistence -0.03 0.6 -0.5
C. acquisition 0.3 -0.4
Temperature -0.9
Humidity

Device + semiochemical

Mortality 0.6 -0.3 0.2 -0.2
Persistence -0.7 0.1 0.02
C. acquisition -0.09 -0.05
Temperature -0.9
Humidity

In bold, significant values (except diagonal) a thvel of significance alpha=0.050 (two-tailedtjes

There was no correlation between thrips mortalibd daemperature neither was there

correlation between mortality and humidity (Tablel®

y = 0.007x - 0.292

R2=0.912
/
L J

60 80 100

Standardized residuals

Thrips mortality

Figure 8. 5: Linear Regression model of mortality a affected by various parameters in
treatment without semiochemical. Mortality = 0.49 x Conidial viability x 9.7e® x

Conidia acquisition -0.5 x Temperature
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Figure 8. 6: Linear Regression model of mortality a affected by various parameters in
treatment with semiochemical. Mortality = 0.5 x Cotidial viability + 5.3 € x Conidia

acquisition + 1.4 x Temperature

A Linear Regression Model of mortality indicatedatthconidial acquisition (Student's t =
2.05; P = 0.04) was the most relevant parametethé fungus-treated device without
semiochemical treatment (Figure 8. 6); whereas dianhviability was the most relevant
parameter in the fungus-treated semiochemicaltaiéxice treatment (Student's t = 4.24; P
= 0.0001) and temperature (Student's t = 2.780F067) (Figure 8. 5). The treatment without
semiochemical (?2: 0.91) fitted better with the linear model thdme ttreatment with

semiochemical (R= 0.49) (Figures 8. 5 and 8. 6).
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Figure 8. 7: Mean values of Temperature (°C) and Rative humidity (%) in field-cages

during the experimental period

8.4 Discussion

Adult thrips were attracted to both fungus-treatddvice baited with or without
semiochemical treatments. However, the attractioas wsignificantly higher in the
semiochemical-baited device than in the device authsemiochemical. Increase
occidentalis catches due to the semiochemical LUREM-TR was ipusly reported by
(Subramaniaret al, 2009; Till et al, 2009).Frankliniella occidentalisin semiochemical-
baited device treatment picked up significant amafrconidia as compared to the device
without semiochemical. This could be attributed ftequent visits of the insects to
semiochemical-baited device. Similar observatiorsewreported by Migireet al (2010)

with leaf-mining flies.
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Frankliniella occidentalis mortality was significantly higher in the fungusdted
semiochemical-baited device treatment one day ipostilation than in the device without
semiochemical which could correlate to the high ami@f conidia acquired by the insects.
Although the concentration of the inoculum pickeg dingle thrips increased over time
(Figure 8. 1), this was not necessarily translatéalincrease in mortality. On the other hand,
lower thrips mortality was obtained in the devicghwut semiochemical treatment one day
post-inoculation and could be explained by weakaetion of thrips to the device and
subsequent low inoculum acquisition by the inseMgiro et al (2010) reported that
mortality of leaf-mining flies was positively cotaged with the amount of fungal conidia
picked by the insect from devices contaminatedumgél entomopathogens and our results

are in agreement with previous finding.

The lower mortality recorded in thkl. anisopliaetreated semiochemical-baited device
treatment at 6-7 (Figure 8. 2) days post-inocutatian be explained by reduced viability of
conidia observed during the experimental periodsfday 2 onward (Figure 8. 4) due to the
negative effect of the semiochemical on conidiability (Figure 8. 4). Complete inhibition
of conidial germination was observed after two d@my®wing exposure of fungal culture to
semiochemical in a desiccator (Niassy S. and Mamidh K., unpublished). The main
component of the LUREM-TR semiochemical is ethglisotinate (Teulon, pers. comm.), a
pyridine compound, which has been reported to lmtgungal properties (Soldatenkov and
Kolyadina, 2001; Bordoloet al, 2002; Wei and Mei, 2009). Contrary to semioctaii
baited device treatment, viability of conidia iretdevice without semiochemical treatment
was not affected 7 days post-inoculation. Manigh&08) reported that fungal inoculum can
persist for 3 weeks within an autoinoculation devitsed for tsetse fly suppression in field

conditions. Contrary to current device use forghrsuppression, the tsetse fly contamination
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device largely utilizes visual cues and the uriderants are clearly separated from the device
with minimal if any impact on the conidia in thetamoculator. Our results indicate that the
close proximity of the fungal spores to the atmattand the volatility of the thrips attractant
negatively impacted on the conidia hence low pasce of the insect pathogen. Although
further modification are required in the “lure akdl” strategy, the reduction of thrips
populations in both insect pathogen treatmentsc@spared to the control treatment,
demonstrates the prospects of autoinoculation dewtrategy for the control of F.
occidentalis, particularly in the screenhouses. fllcethat we were able to observe mycosed
thrips in the flowers in the two fungal treatmealsarly shows that the insects were able to
pick up inoculums from the device leading to infestand reduction in population on French

beans in the field cages.

Correlations were observed between different pat@sen both the semiochemical-baited
device and device without semiochemical treatmdiisble 8. 1). Positive correlation

between mortality and conidial viability in semi@chical-baited device treatment confirmed
the decrease in mortality of thrips from 2 daystfosculation due to the apparent antifungal

effect of the semiochemical, which was not the ¢agbe device free of semiochemical.

Moreover, the negative correlation between relatiwenidity/temperature and conidial
acquisition in the device without semiochemical barexplained by the fact that thrips were
less active and subsequently acquired less inoculben temperature was low (Figure 8.7).
It has already been reported that certain climhtiesholds affect thrips activity (Rhainds
al., 2007; Alghali, 1991). The optimum temperature liagh thrips number is 15-25 °C
(Trdanet al, 2003; Boissoet al, 1998) which implies that thrips would pick ma@nidia at

temperatures when they are more active.
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In conclusion, the study demonstrated that auteiladion can be used for control of thrips in
screenhouses but this needs to be further demtetstia the open field. Addition of

semiochemical might have resulted in increaseditra of thrips to the device although the
attractant appeared to negatively affected persistef fungal conidia. There is therefore the
need to screen for semiochemical that might be eoilip with insect pathogen that could be

further exploited for field application and supmies of thrips on vegetables.
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CHAPTER NINE

9.0 SUBLETHAL CONCENTRATIONS OF METARHIZIUM ANISOPLIAE
(METSCHNIKOFF) SOROKIN AFFECT FEEDING BY THRIPS TABACI
LINDEMAN AND VECTOR COMPETENCE TO TRANSMIT IRIS YEL LOW SPOT

VIRUS (IYSV) ON ONION PLANT

9.1 Introduction

The onion thripsThrips tabaciLindeman (Thysanoptera: Thripidae), causes sedausage
to crops such as onion and garlic (Lu and Lee, 1888 is a major constraint in onion bulb
production in the world (Khaet al 2008; Waiganjcet al, 2006).Thrips tabacifeeds by
piercing individual cells and sucking the contefitse cells lose their normal color, resulting
to the leaf to whiten. In addition to direct damdmefeeding,T. tabacialso causes indirect
damage by transmitting pathogens, especially thgowarus , Iris Yellow Spot Virus (IYSV)
(Bunyaviridae: Tospovirus) (Zeet al, 2008; Jenseet al, 2001; Chatzivassiliou, 2001,
Inoue et al, 2010). The incidence of IYSV diseases can re#®i60%, resulting in heavy
yield losses (Kritzmaret al, 2001). Thrips only acquire tospovirus at thevddrstage,
especially first-instar (Nakahara and Monteiro, 99®nce acquired tospoviruses propagate
in their vector, viruliferous thrips are capablespreading the virus for the rest of their lives

(Ullmanet al, 2002; Jones, 2005; Whitfiett al, 2005).

Management of onion thrips heavily relies on sytithehemical sprays (Waiganjet al,
2006; Grove®t al, 2001; Saxenat al, 1997; Chatzivassiliou, 2008). Although effectittee
use of these synthetic chemical insecticides ibbnger lucrative due to thrips resistance and

other environment hazards (Morishita, 2008; Jens2004). Alternatives to chemical
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insecticides include cultural practices such asrambpping, use of resistant crop varieties,
mass-trapping using semiochemicals (Treaml, 2005; Teuloret al, 2010; Nderitwet al,
2007; Groveset al, 2001). Biological control using entomopathogefuingi is among the
alternatives to synthetic chemical insecticidesi@peionsidered among the pathogens (Butt
and Brownbridge, 1997). For instance, Maniaetial (2003) were able to achieve control of
T. tabaciin onion crop using an isolate dfetarhizium anisopliagMetschnikoff) Sorokin

(Ascomycota: Hypocreales).

The efficacy of entomopathogenic fungi is generaityeasured in terms of virulence.
However, infection by entomopathogenic fungi hasrbesported to affect feeding in crop
pest insects (Ekest al, 2000; Migiroet al, 2011; Seyouret al, 1994) and haematophagus
insects such as mosquitoes (Fatgal, 2011; Howardet al, 2010; Mnyoneet al, 2011,
Scholteet al, 2005; Ondiakaet al, 2008); vector competence in parasite transmisgion
mosquitoes (Blanforcet al, 2005; Fanget al, 2011). In the present study we therefore
investigate whether infection df. tabaciby M. anisopliaewould affect their feeding and

their competence to vector IYSV in onion plant.

9.2.0 Materials and methods

9.2.1 Insect colonies

Adults T. tabaciwere obtained from the Mass Rearing Unit at therhrdtional Centre of
Insect Physiology and Ecologigipe). They were identified using the Lucid key (Moritz
al., 2005). Around 500 adult. tabaciwere allowed to oviposite on fresh snow pea pods
Pisum sativurrL. that were previously soaked in 10% sucrosetigr days after which

pods were transferred into clean plastic rearingtaioers (9 cm diameter and 16.5 cm
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height) with paper towel (11 x 11 cm) to allow ptipa of larvae. The lid of the rearing
container was perforated and covered with a thpip®f mesh for aeration. Insects were

reared at 25 = 2 °C, 60-80% RH, with a 12 L: 12Hotpperiod.

9.2.2 Host-plant

Onion plantsAllium cepalL. were grown in a screenhouse (2.8 m length lid@hw2.2 m
height) in 15 cm pots (5-8 plants per pot) usingigure of compost manure/cow dung and
clay soil in a ratio of 1:5, respectively. One-nordld onion plants were used in the

bioassays.

9.2.3 Virus

Virus-infected materials were obtained from onidiangs showing severe symptoms of
tospovirus disease from the botanical farrcie’'s Duduville campusThe identity of I'YSV
was confirmed in laboratory usinggdia flash kitand 1YSV-specific DAS-ELISA (USA)
Infected leaves were cut into 3-4 cm pieces ancewesed to infect first-instar larvae of

tabaci
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Plate 9. 1: Virus source from onion cultures infead with IYSV in pesticide free

conditions at the icipe’s botanic farm in Duduville

9.2.4 Fungus

Metarhizium anisopliagsolate ICIPE 69 used in this study was obtainmeenftheicipe’s
Arthropod Germplasm Centre. It has already beerorteg to be virulent tol. tabaci
(Maniania, 2003 #12). The fungus was cultured abddraud Dextrose Agar (SDA) and
incubated at 25 + 2°C. Conidia were harvesteddogpping the surface using a spatula and
were suspended in 10 ml sterile distilled watertaming 0.05% Triton X-100 in universal
bottles containing glass beads. Conidial suspeasiegre vortexed for 5 min to produce
homogenous suspensions. Conidial concentrations determined using a haemocytometer.
The viability of conidia was determined before &myassay by spread-plating 0.1 ml of a 3 x
10° conidia mf* suspension onto 9-cm Petri dishes containing SDédiom. A sterile

microscope cover slip was placed on each plate,tlaaglates were incubated in complete
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darkness at 25 + 2°C and examined after 18-20 tteRtage germination of conidia was
determined by assessing the number of germ tulbesetbamong 100 random conidia on the
surface area covered by each cover slip underighe microscope (400 x). Four replicates

were used for each bioassay.

9.2.5 Infection with virus

Newly-emerged larvae df. tabaciwere transferred to rearing plastic jars (9 cnmditer and
16.5 cm height) containing 3-4 cm IYSV-infected amileaves and were allowed to feed
until pupation. Paper towel was lined at the bottih jar and moistened daily to avoid

leaves to dry. Insects were maintained as descabede.

Plate 9. 2: IYSV infected onion leave piece usedrfmoculation of first instars larvae

cohort of Thrips tabaci.
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To confirm the presence of virus in adult thripggups of 5 IYSV-infected adult thrips were
selected at random and sprayed with different catinggons ofM. anisopliaeas described
earlier. They were then transferred to 9-cm Pésti dontaining a virus-free 4-érreaf disc.
Each group of the 5 thrips was transferred interdl®ppendorf tubes containing 1QDof
general extraction buffer (Agdia) and ground fanf. The extract was then loaded into 96-
well plate. Plates were coated with specific I'YSWMilaody and incubated overnight at 4°C.
Each sample was run in duplicate. Plates were dftereéncubated overnight at 4°C, covered
in a plastic wrap in a humid box. Between each,spdgites were washed five times with
ELISA wash buffer (0.8 g of KHPO,, 0.8 g of KCI, 4.6 g of NaP{dibasic, 32 g of NaCl,
and 2 ml of Tween in 4 liters of deionized watg 7.3. Following washing, 100l goat-
anti-rabbit alkaline phosphatase diluted conjugeds added to each well, and plates were
incubated for 2 hours at room temperature afterciwhhey were washed three times,
followed by addition of 10Qu substrate [(1 mg/ml of p-nitrophenyl phosphatgjdia Co.].
Plates were incubated at room temperature for 1 inahe dark to allow colour development
and the reaction was stopped using 1M NaOH. Vitalg in the samples were determined by
reading absorbance at 405 nmudd\ using an ELISA plate reader (Epdth Gen3“800

Biotek). Thirteen (13) of 500 individual cohorts meaised in the whole experiment.

Plate 9. 3: 96-wells plate showing reactions usirige DAS-ELISA technique
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9.2.6 Inoculation of insect with fungus

Five (5) viruliferous thrips were placed in a 9-&tri dish lined with a filter paper and were
directly sprayed with three concentrationshbf anisopliae(1 x 16,1 x 16 and 1 x 10
conidia mf*) using a Burgerjon (1956) spray tower. ClearsHrenion leaf discs (4 én
were then introduced in the Petri dishes and sea®dood. The three concentrations
corresponded to sublethal and 50% lethal concémiréitCso), 1 x 10, 1 x 1§ and 1 x 10
conidia mi*, respectively. In the control treatments, inseose treated with sterile distilled
water containing 0.05 % Triton X-100. Test-insegtse incubated at 25+2 °Cand 90+ 2 %

RH with a photoperiod of 12 h light: 12 h dark.

9.2.7 Effect of fungal infection on 1YSV-infectedT. tabaci feeding punctures
To assess the effect of fungal infection on feedihg@ number of feeding punctures was
counted daily for 5 days on a 4-tfeaf disc using a dissecting microscope. Treatmamtre

randomized and experiment repeated five times fnithreplicates.

Placement of onion leaves
on 9 cm Petri dish

Plate 9. 4: Experimental design and 9-cm Petri disltontaining 5 viruliferous Thrips

tabaci treated with Metarhizium anisopliae and 4 cnf onion leave with feeding punctures
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9.2.8 Effect of Metarhizum anisopliae infection on IYSV-infected Thrips tabaci

competence to vector virus on onion plant

Group of five IYSV-infected thrips were sprayed hvitlifferent concentrations oM.
anisopliaeas described earlier. They were then transferred-onf virus-free onion leaf
discs in 9-cm Petri dish and allowed to feed fdn.ZBhe experiment was carried out with one
to 5-day old fungus-infected viruliferous thrips dssess the effect of the development of
fungal infection in the insect on the transmissadrthe virus. In the control insects were
sprayed with distilled water. Leaf discs were tfamed into 1.5-ml Eppendorf tube and
ground in 10Qul of general extraction buffer (Agdia) and procekas described earlier. The
titer of the virus was determined using the procediescribed above. Thirteen cohorts were

used in the whole experiment.

Plate 9. 5: Experimental design of a single repli¢a of feeding behaviour assessment of 5
IYSV infected Thrips tabaci treated with Metarhizium anisopliae concentrations placed

on 9-cm Petri dish with virus free onion leaves.
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9.2.9 Data analysis

Data were arcsine normalized before being subjettdeahalysis of variance (ANOVA)
using a general linear model (GLM). Means were s#pd using Student-Newman-Keuls
(SNK). Multiple comparisons between treatments we@exformed and interactions
between factors (cohorts, concentrations and desse also done using ANOVA. A
Pearson correlation was performed to determine rédationship between feeding
punctures, IYSV titer and IYSV transmission. In atlalysis the level of significance, was

kept at 95% accuracy.

9.3 Results

9.3.1 Evidence of acquisition of IYSV by adult thips following infection of larvae

DAS ELISA readings at 405 nm showed that positieetm| values varied between 2.5 and
3.8 while the negative control ranged between 0.04- Exposure of larvae to IYSV-

infected onion leaves resulted in infection of adulips as illustrated by Figure 9. 1.
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Figure 9. 1: Acquisition of Thripstabaci cohorts reared on IYSV infected onion-leaves
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Although the mean average of virus titers varigphisicantly between the cohorts (ANOVA:
Fi2, 240= 4.6; 0.0001) (Figure 9. 1). No significant di#aces were observed between the

control and the fungal concentrations (ANOMA; 240= 0.4; 0.7).

9.3.2 Effect ofMetarhizium anisopliae infection on 1YSV-infected adult Thrips tabaci on

feeding punctures

The overall number of feeding punctures/4‘—2cteaf disc was 64.2 + 1.0, 54.0 £ 0.7, 40.0
0.4 and 22.6 + 0.4 in the control, >0l and 10 conidia mI* concentrations oM.
anisopliae respectively, which was significantly different imeten the treatments (ANOVA:
Fs, 480= 50.4; P < 0.0001). The higher concentratiomofanisopliae(1 x 1d conidia mf)

had the least feeding punctures between the thregaf concentrations.

Table 9. 1: Cumulative mean number of feeding puncres by IYSV-infected Thrips

tabaci on onion leaves following infection byMetarhizium anisopliae.

Metarhizium anisopliae treatments conidia mi*

Days after fungal Control 1x10 1x 16 1x10
treatment
2 87.0 £ 5.8Aa 88.0 £ 5.8Aa 89.0 £ 5.8Aa 90.0 £ 5.8Aa
3 149.6 + 8.3Ab 148.2 + 8.1Ab 128.9 £ 7.3ABa 115.8.4BCa
4 218.3+10.8Ac 202.0+9.4ABc 174.2+9.5BCb 14088Cb
5 289.4 +13.5Ad 259.0+11.2Ad 213.3+12.1Bc 164 B48Cbc
6 350.3+18.0Ae 313.2+12.8Be 255.5+16.0Cd 18612.9Dc

Means within the same row followed by the sameteafstters are not significantly different by SNK
Means within the same column followed by the samalkletter are not significantly different by
SNK.
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There were also significant differences in feedmgctures between days post-infection
(ANOVA: F4480= 182.9; P < 0.001). The interaction betw&&nanisopliaeconcentrations

and days was also significant (ANOVAi2Rkgo= 7.0; P < 0.0001) (Table 9. 2).

9.3.3 Effect of fungal infection on vector competare of IYSV-infected adult Thrips

tabaci to transmit virus on onion leaves

IYSV-infected adult thrips effectively transmittedrus to onion leaves (Figure 9. 2).
However, the mean average of virus titers varigdicantly between the cohorts (ANOVA:
Fi2,240= 2.4, P = 0.005) and the treatments (ANOVA245= 14.4, P = 0.0001) (Figure 9. 2).
For example, IYSV titer was higher in the contr@l481) than in fungus-treatments (0.388,

0.372 and 0.320 at 1a.0° and 18 conidia mI*, respectively) 5 days post-infection.
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Figure 9. 2: Effect of Metarhizium anisopliae concentrations on IYSV-infectedThrips

tabaci cohorts transmission on onion leaves
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Days post-inoculation did not have significant effen transmission of the virus (ANOVA:
Fa240= 1.4, P = 0.2) (Figure 9. 3). For example at flgpost-inoculation, the virus titer was
0.510, 0.389, 0.366 and 0.315 in the controt, 1¢° and 16 conidia mI*, respectively; while
at day 5 post-infection the titer was 0.459, 0.38360 and 0,331 in the control,*1a¢ and
10’ conidia mi*, respectively. The interaction betweln anisopliaeconcentrations and time
was not significant either (ANOVA: 1k 240= 1.3, P = 0.2) (Figure 9. 3).

There was a negative correlation between IYSV tireradult T. tabaci and 1YSV
transmission on onion leaves; while there was aitipescorrelation between feeding
punctures and IYSV transmission. However no cotimawas found betweeil. tabaci

feeding punctures and IYSV virus titers (Table . 3

Table 9. 2: A Pearson correlation (R, P) betweethrips tabaci feeding punctures and

IYSV titer in adult thrips and transmission on onion leaves

Feeding punctures  IYSV titer Transmission
Feeding punctures -0.012,0.8 0.2,0.03
IYSV titer -0.2,0.02

Transmission

In bold, significant values at the level of sigrafince alpha=0.05 (two-tailed test)

9.4 Discussion

First-instar larvae off. tabacireared on 1YSV-infected leaves successfully aeguithe
virus, which was later detected in adult insectswelver, acquisition of the virus was not

uniform since significant differences in virus tit@ere observed between the cohorts. The
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difference in the concentration of virus within th@me onion leaf is supported by the study
of (Kritzman et al, 2001) who found that the 1YSV was not evenlytribsited within
infected onion leaf.

Fungal infection by M. anisopliaesignificantly affected the feeding by adilt tabaciby
reducing the number of punctures. These resultsnaegreement with previous published
works (Farguet al, 1994; Mooreet al, 1992; Seyounet al, 1994; Migiroet al, 2011).
Furthermore, feeding punctures were significargyuced according to fungal concentrations
as reported by Migireet al (2011). The higher the concentration was thet|éaeding
punctures were recorded. Staffoet al (2011) reported an increase in feeding by
Frankliniella occidentalisinfected with plant pathogen Tomato Spot Wilt \girbbut this was
not observed in the present study. Birithia (pemmunic.) did not also observed any
difference in feeding between 1YSV-infected and W¥fee T. tabaci

Metarhizium anisopliaénfected adult thrips transmitted lower titers afug than did the
control. The transmission of the pathogen can outdifferent ways; but the mechanism in
which the fungal infection interferes with transeas of the virus is still unclear. The
positive correlation between the feeding punctuned the transmission of the virus in the
onion leaves could imply that the transmissiorhietigh feeding. Similar observations were
made by Groveet al (2001) who found that application of imidaclopnd Frankliniella
fuscaresulted in reduction of probing and thus, tramssion of tospovirus. The effect of
fungal infection on pathogen transmission is weltlged in mosquitoes. For instance, Fahg
al. (2011) reported thadl. anisopliaeexpressing salivary gland and midgut peptide 1M
Anopheles gambiaenterfered with Plasmodium falciparumsporozoites attachment to
salivary glands. The negative correlation betwe¥B8M titer in adultT. tabaciand its
transmission on onion leaves suggests on one hanplassibility of viral replication in adult

T. tabacias reported by Inouet al (2010); and on the other hand, these resultsestigge

107



possibility of M. anisopliaeinfected thrips to refrain them from transmittingSV to onion
leaves.

These results are the first report on the intevachetweenM. anisopliaeand tospovirus
transmission. Our results suggest thatanisopliaeapplication at sublethal concentrations
can significantly contribute to tospovirus reduantian the field. However, further
investigations are required to determine the efd&d. anisopliaeon IYSV acquisition byl

tabacilarvae.
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CHAPTER TEN

10.0 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

10.1 General discussion

Frankliniella occidentalids considered to be a major pest of vegetableoamamental crops:
French bean, tomato, onion, chrysanthemum cowp@atbreaks of WFT can lead to
considerable losses and crop rejections by costurireaddition to the cosmetic damage they
cause, WFT is also a vector of tospovirus whicleroftnislead farmers to use fungicide to

control secondary pathogen diseases.

Management of thrips is mostly based on the lacgéesapplication of synthetic chemical
pesticides. The use of these synthetic chemicalicmss pollutes the environment by
indiscriminately suppressing thrips and other remgét organisms, contamination of the

produce, and toxicity to users and consumers.

The use of semiochemical and blue sticky trapsrfass trapping of WFT, intercropping and
cultural practices are among the alternatives bemusidered to avoid heavy damages by

farmers.

For all theses constraints aforementioned, researdbr environmentally safe control
strategy have been promoted for thrips control. Agiomany control strategies,
entomopathogenic have appeared as one of the maysiging tool to contain thrips without
compromising ecological balance and food qualithe Tmost commonly investigated
entomopathogenic fungi in Africa is the spekletarhizium anisopliaegs they have a wide

geographic spread and host range.

These entomopathogenic fungi have been widely densd for biological control of

agricultural pests.
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Many aspects of the use of entomopathogenic fuorghiips control have been investigated,
for instance identification of virulent isolatedfeet of temperature on fungal virulence,
effect of host plant. However there are other ingoar parameters crucial for biopesticide
developmentsdevelopments which were simply oveddokThese includes appropriate
bioassays for strain selection involving spore potiin and molecular characterization,
compatibility with other IPM tools i. e agrochemigar the association of entomopathogenic
fungi with semiochemicals, to improve fungal apation efficiency and sustainability

attractant-infection and autodissimination stratigythe control of Thrips.

The current study was initiated to develop a funigased product for the control &%
occidentalisby providing an original isolate that is viruletot WFT both adult and larval

stages, easily mass producible with a wide hogjaan

This study has demonstrated that ICIPE 69 is tisé iselate for thrips control both adult and
larval stages. The compatibility of this isolate Mf anisopliae with imidacloprid and

thiamethoxam which is a huge advantage to farmace snost exported crops are host of a
wide range diversity of pest. On the other handgitides, chloropyrifos and neem were not

appropriate candidates to be combined Withanisopliaefor thrips control.

The present study also established tflatanisopliaecan be utilized in an autoinoculative
technique to deliver conidia to thrips species.ighattractant such as Semiochemical and
colour baited traps can boost thrips conidial asitjoh leading to higher mortalities.
However, there is a crucial need to identify a catifje attractant that doesn’t affect fungal
viability within the device. The present study relezl that combined with semiochemicals,
the device was effective in attracting and infegtM. anisopliaeconidia resulting in high

mortality of the thrips the 2-3 first days. Prewowesearches were more focused on
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inundative sprays of fungal suspension wherebydiahpersistence was challenged. In our
study conidial persistence was constant in thecgesemiochemical free for more than 10
days after application. This approach is more effsctive as compared to inundative sprays
and less time consuming in term of thrips cont8#condary infections are advantages that

may be expected by using such application technique

The study showed that the useMf anisopliaeapplication at sublethal concentrations can
significantly contribute to tospovirus reduction time field, which is a hugh advantage as

compared to chemicals.

ICIPE 69 is actually under registration for comnigization in Kenya and east Africa. Its
pathogenicity to various thrips species suclMagalurothrips sjostedtiThrips tabacj and
Frankliniella occidentalishas been already demonstrated. Its use for tlogpdrol can

significantly reduce thrips damage and thereforenapew possibility for exports safe crops.

10.2 Conclusions

With regard to the results obtained in the labagatib was concluded that:

1. ICIPE 69 is the besd. anisopliaeisolate for the control df. occidentalis

2. ICIPE 69 was compatible with agrochemicals likeidacloprid, Thiamethoxam and

abamectin while fungides, neem and chlorpyrifosentexic.

3. Autoinoculative technique can be a promisindptégue that can be used for thrips control.

4. Fungal application can contribute significantljthe control of Tospovirus diseases

10.3 Recommendations

In the course of this study, various questionsaraich may be subject for future studies:
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1. ICIPE 69used in this study originated from DRC Congo. Farttmolecular studies should

be undertaken to study the genome of this isolate.

2. ICIPE 69 seems to be highly virulent on thripe@es and less virulent on termites, studies

should be conducted to understand the specifi€itijai isolate on thrips species.

3. A field evaluation of the auto inoculative teajue should be conducted in order to

identify a cost effective strategy for thrips cahtnsing spot sprays

4. Other potential semiochemical which are compmtib M. anisopliaeshould be screened

and identified for being used in an autoinoculateehnique.
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