Potential of Integrating Calpurnia aurea with Entomopathogenic
FungusMetarhizium anisopliae for the Control of Rhipicephalus

appendiculatus and Rhipicephalus pulchellus

Paulin Nana

A thesis submitted in fulfilment for the Degree oDoctor of
Philosophy in Zoology in the Jomo Kenyatta Universy of

Agriculture and Technology

2010



DECLARATION
This thesis is my original work and has not beasented for a degree in any other

University

Signature..........cooeeveiiiennnn. Date....cooviiiii

Paulin Nana

This thesis has been submitted for examination with approval as University

supervisors

Signature..........cooveveiieiieeennn. Date......oo i
Prof. Rosebella O. Maranga

JKUAT, Kenya

Signature.........ccoeeiiineinen. Date. ...
Dr. Helen L. Kutima

JKUAT, Kenya

Signature..........cooevveiiieninn. Date......oo i
Prof. Hamadi |. Boga
JKUAT, Kenya

Signature.........coeeviiiinenen. Date. ...
Dr. Nguya K. Maniania
ICIPE, Kenya



DEDICATION
To my wife Justine Hidzem Manedji and my daughteKaren Djamen Nana, |
dedicate this dissertation, fruit of many monthsafd work and sacrifices. Thanks

for your love and support.



ACKNOWLEDGEMENTS
I would like to express my sincere gratitude andrapiation to my ICIPE supervisor
Dr. Nguya K. Maniania, for introducing me to theldl of arthropod pathology and
agricultural acarology, respectively, and for higdgnce throughout the research
period and his constructive criticism during thaterup. | am also grateful to my
university supervisors Prof. Rosebella O. Mararya,Helen L. Kutima and Prof.
Hamadi I. Boga of Jomo Kenyatta University of Agiicre and Technology
(JKUAT) for their guidance, assistance, encouraggraed patience throughout this

thesis.

| am grateful to Canadian International Developmisgency (CIDA), African Union

(AU)/ The New Partnership for Africa’s developmé¢NEPAD), Bioscience Eastern
and Central Africa Network (BecaNet) and InternadibLivestock Research Institute
(ILRI) for granting me the opportunity to train wrdthe DRIP program provided at

ICIPE.

| also thank ICIPE my host institution and Capadityilding staff Dr. Baldwyn
Torto, Ms. Lilian Igweta, Ms. Lisa Omondi and Marvkggy Ochanda for all the

facilities provided to me.

| owe a lot to Dr. Felix Nchu of Percy Fitz Patrikiistitute of African Ornithology,
University of Cape Town, for supplying me with th&ant materials used in this

study.



I would like to express my gratitude to the HeadBshavioural and Chemical
Ecology Department (BCED) and Dr. Kuate Serge fbe tguidance during

phytochemical studies of the plant.

I thank all my friends and colleagues for beingé¢hshenever | needed them.

Thanks to Dr. Abdullahi Yusuf, Dr. Robert Musundliier. Fikira Kimbokota, Dr.
Lorna Migiro, Dr. Naina, Dr. Victor, Ernest Felixppiah, Chrysantus Tanga Mbi,
Katharina Merkel, Nigat Bekele, Ayuka Fombong, EstAbonyo, Saliou Niassy,

Peris Amwayi, Harrison Kibogo, Daniel Achinko, Ddvichouassi.

| thank all the Arthropod Pathology Unit (APU) padlarly Ms. Elisabeth Ouna, Ms.

Barbara Obonyo, Mr Sospeter Wafula and Ms. Jangjitdar all your assistance.

Lastly, | would like to express my gratitude to aily family members, my parents,

my brothers and sisters.



TABLE OF CONTENTS

DECLARATION ... i
DEDICATION ... e e e iii
ACKNOWLEDGEMENTS. ..o iv
TABLE OF CONTENTS ..o vi
LIST OF TABLES ... XV
LIST OF FIGURES ... XVii
LIST OF PLATES ..ot e e XiX
LIST OF ABREVIATIONS AND ACRONYMS ..., XXi
ABSTRACT .. XXii

CHAPTER ONE

1.0 GENERAL INTRODUCTION ....cuuiiiiiiiiiie e ennn e e 1
1.2 INErOCUCTION ..ttt e e e e e e smmnee e e e e e e e eaa 1
1.2 JUSHFICALION ....ceiiiiiiiieeii ettt e e e e e e 3
R @ 1= o1 11 =PSRRI 6
R R @ V7T = 11 o o= od 1Y R 6



1.3.2 SPECITIC ODJECHIVES ....uuiiie e e e e e e e 6

1.4 NUILNYPOINESES ... ee e e e e e e e e e e e e e e e e eeees 6

1.5 Alternative NYPOtNESES..........covvvueitmmmmeeeeeere e e e e e e e e e e e e e e e e nnnnarannnaas 7

CHAPTER TWO

2.0 LITERATURE REVIEW. ... ..o 8
P20 R I xS o] o] [T Y2 8
2.1.1 Tick ClasSIfICAtION .........ccuiieieiee et e e 8
2.1.2 Life cycle of ixodid ticks and developmenttpens............ccoevvvvvvvvenncenneennn. 8...
2.1.3 Morphology of ixodid ticks and adaptation.............cccccceeeeeeeeiiiveeeeeennnnn, 10.
2.2 TICK NADIAL . ......eeeeeieiiiii et e e e e e e 11
2.3 SEMIOCNEIMICAIS .....cciiiiiiiiiie et e e e s 12
2.3.1 Semiochemical communication iN tiCKS . e cooevvvieiieeiiiec e 12
2.3.2 The role of odours in behaviour Of tickS.............ccciiiiiii e, 13
2.4 Rhipicephalus appendiculatus and R. pulchellus...........cccoooviiiiiiiiiiiiiiiiiiiii, 14.

2.4.1Rhipicephalus appendiculatideumann, 1901 ...............oovvvvvvennnns smmmmmm . 15

2.4.2Rhipicephalus pulchelluSerstacker, 1873 .........cccooiiiiveeeeees e e eeeeeeennnns 17

2.5 Economic importance Of tiCKS ........uuiii oo 18



2.5.1 Direct effeCt 0N the NOST ......oeeeie e 18

2.5.2 VeCtor Of PAtNOQENS.........uuueeie st eese e s s e e e e e e e e e e e eeeeeeeaeeeennanneeeeannnes 19
2.6 TICK CONMIOL. ...t ettt e e e e e 20
2.6.1 Chemical CONMIOL .........oviiiiiii e 20
2.6.1.1 Problems posed by synthetic acariCideS . ..........vvvciiiiiieeieeeeneeenn. 21
2.6.2 VACCINALION ....coiiiiiieeeee ettt e et e e et e e e e e e e e e 22
2.6.3 Ethno-veterinary plants ............ovuceemeeri e eeeeeeeeeeer e e e e 22
2.6.4 Biological control Of tICKS ..........co e e e e e e e e e 23
2.6.4.1 PredatorsS ........ccoueiiiiirieeeesmmmmmn et e e e ettt e e e s e e e e e s nn e e 23
2.6.4.2 PAraSitOidS .........uuueeieeiiees s et e e ettt e e e e e e e e s mr e e e 24
2.6.4.3 ENtOMOPALNOQENS.......cciiieieeeeiteeemmmce ettt e e e e e e e e e e aeeeeeeeees 24
FZ R S U o o | 25
2.7 Calpurnia aurea (Aiton) Benth..........cooooiiiiiiiieeeee e 30

CHAPTER THREE

3.0 GENERAL MATERIALS AND METHODS ... 33
TN ] (0T V= 1= 33
3.2 Plant MAErial .........coooiiiiiiiiie e s 33
3.3 Preparation Of ©XIraCES ...........cuuuiivimmmm e eeeeeeeeeee e e e e e e eneeeneeeeaeaaes 34



3.4 Preparation of dichlorometane extract ofC. aurea..............cceevvvvvvevivvviincennnennn. 34

3.4.1 Preparation of the fractions@faurea...........cccccvvvieiiiiiiieeeeeeieeeeeeeeeeeeee 35
T I o [ =T T 1 T P 35
.0 FUNQUS ..ot e et e e et s e et s e e e nnaa e e e e e e e ean e ae 35

3.6.1 FUNQGAI CUIUIE .....eieeiie e 36

3.6.2 Preparation of conidial SUSPENSIONS . ceemmeee . ieeieiiiiiiieiiiiiicie e eeeen 38

4.0 RESPONSE OF ADULT RHIPICEPHALUS APPENDICULATUS AND

RHIPICEPHALUS PULCHELLUS (ACARI: [IXODIDAE) TICKS TO

EXTRACTS OF CALPURNIA AUREA (FABACEAE) .......uuiiiiiiiiiiieiiiiieeee e 39

2 I 01 70T [ Tox 1 o] o PP RP PP PPPP 39

4.2 Materials and mMethods ...........ccuviiiiieees e 41
4.2.1 Plant MAerial.........ccuuriiiiieiiee et ee e e 41
4.2.2 Preparation Of @XIraCTS ..........uueucemmmmmiiiiiiieeeeeeee e 41
4.2.3 PREIOMONE .....eiiiiiiiiiiieie e emmene ettt e e e e e e 42
4. 2.8 TICKS ettt ettt e e e e bbb n e e 43
4.2.5 BiOBSSAYS .. eeeeeeeieeiieeeeeeettee s s st e e e e e e e e e e e e ettt —att————————————————————— 43

4.2.6 Attraction of ticks to plant extract-baitedp in semi-field plot experiments

WIth @Nd WItNOUL CQ....eeeeee e e 46



4.3.2 Attraction oR. pulchellusn the dual choice T-tube olfactometer ............49

4.3.3 Attraction of adult ticks to plant extractitied trap in semi-field plots ........... 49
4.3.3.1Rhipicephalus pulchellus............cooriiiiiiiice e, 49
4.3.3.2Rhipicephalus appendiCulatus.............cccoeviiiiiiiiiiiiiic e 54

4.4 DISCUSSION ....evveieitiiiiieeee e e e e e e e s e e e e e e e e e e e e e e bbbttt ettt et e e e e aas s nsnnbbbeebeeees 54

CHAPTER FIVE

5.0 COMPATIBILITY BETWEEN THE ENTOMOPATHOGENIC FUNG US

METARHIZIUM ANISOPLIAE AND CALPURNIA AUREA LEAF EXTRACTS

AND THEIR COMBINED EFFECTS AGAINST RHIPICEPHALUS

APPENDICULATUS . ... ee e e e e e e e e eeenn ] 61.

5.1 INTrOAUCTION ...ttt ettt e e e e e e e e 61

5.2 Materials and mMethods ............ooeeiiiiicmi e 63
5.2.1 Plant Material............oouiiiiiiiieieeeiee e 63
5.2.2 Preparation df. aureaemulsifiable formulation..............ccccooiemeeeiiiiiiennnnnn. 63



5.2.3 Preparation of the pheromone ........ e 63

5.2.4 FUNQUS ...ttt eeeemmme e et e e et e e et e e e et e e e et s e e e nnns e e e e tn e e e enans 63
S T I o Qo] o] 1 P 63
5.2.6 Mycelia dry weight aSSESSMENT .......ccccrrveiriiiiiiiiee e e e e e e e e eeeeeeveeeeees 64
5.2.7 Radial fungal growWth ...........cooii i e e e e 65
5.2.8 Spore production aSSESSMENL........ o e eeeeeeeerrreererrnnrinnaaeeeeeaeeeeaeeas 66
5.2.9 Compatibility CalCulationS.............ceeeeiieeiriiiiiiiiieiee e eeee e e e eeeeeeeaeveeenneeeees 66

5.2.10Susceptibility of larvae, nymphs and adults stagfeR. appendiculatuso

M. anisopliaeformulated in emulsifiable extract 6f. aurea..............ccoevvvvvvvnnnnnnnn. 67
5.2.11 DAta @NalYSIS.....cuuuurruunnnnnnns s ssssseeaeaaaaesaasseeessssssennnn - 68
5.3 RESUILS ...ttt ettt e e e e 68

5.3.1 Compatibility of emulsifiable extract of. aurea and AAAP with M.

=TT IST0] o] | == USSP 68

5.3.2 Virulence ofM. anisopliaeformulated in emulsifiable extract &. aurea

against different developmental stage®Rofppendiculatus...............ccccevvvvvvvnnnnns 69

oI N B Lo U 1] (o] o F TR 73

Xi



CHAPTER SIX

6.0 AN ATTRACTANT TRAP FOR INFECTION AND

AUTODISSEMINATION OF METARHIZIUM ANISOPLIAE AMONGST

ADULT RHIPICEPHALUS APPENDICULATUSTICKS ......ccoiiiiiiieeeeee e 75

6.1 INErOAUCTION ...ttt e e e e 75

6.2 Materials and Methods ...........c.oeeviiiiicm e 77
7200 R I od S o] (o 1 )2 1= o [ 77
6.2.2Calpurnia aUrEaEXIIACE ..........ccevviieeeeirrieeise e e s e e e e e e e e e e eeeeeeeannnsaan s 77
B.2.3 FUNQUS ...ttt eeer et et e et e et n e e et n e e e e s e e e e nns e e e et e e e enans 77

6.2.4 Attraction and infection d®. appendiculatusvith M. anisopliaeformulated

in emulsifiable extract of. aureain semi-field plot experiments..............uuum... 78
6.2.5 Assessing the inoculum uptake by tiCKS covvvvviiiiiiiiiee 380
6.2.6 Evaluation of the efficacy of treatmentS..ce.......cocooeeeeiiiiiiiii e 81

6.2.7 Efficacy ofM. anisopliaeformulated in emulsifiablextract of C. aureain

reducing the number of ticks and transmission ofihum in potted grass ............. 81

6.2.8 DAta ANAIYSIS.....cevvverruenens s e e e e e e e e ee e et eeat et a e e naaaaaaaaaaaaaaaaaes 83
6.3 RESUILS ...t ettt e e 84

6.3.1 Attraction and mortality d®. appendiculatus..............ccccoeeeeeeeiiiriiieiininnn, 384.

Xii



6.3.2 Effects of fungal infection oR. appendiculatuseeding and reproduction

010 =] 1K= | PR 86

6.3.3 Efficacy ofM. anisopliaeformulated in emulsifiablextract of C. aureain

reducing tick populations and transmission of inoguin potted grass................... 87

0.4 DS CUSSION ..ttt e et et e et et e e e e e e et e e e e e e e e e e e e eeaae 92

CHAPTER SEVEN

4% R [ 1 Yo 18 o3 1 ] o IR PP PPRP 96
7.2 Materials and mMethods ............oveiiiiiicm e 97
4720 R N o 1o ] (o 1 )2 1= o [ 97
7.2.2 Plant Material...........ooeiiiiiiiieeeee e 98
7.2.3 EXIraction OC. GQUICA.........cciiiiiiiiiie e e e e 98
7.2.3.1 Dichloromethane and aqUEOUS EXIraCtS ceeeeeeerveeeeeeeeeeeeeieeeieeeiirnnnnnnnns 8.9
7.2.3.2 Preparation of the fraCtions.......coeeeeereeiiiiiiiiiee e 98
7.2.3.3 Coupled Gas Chromatography-Mass Spectranf&€-MS) analysis ..... 99
7.2.4 Inverted glass tube bioasSays..........cccevvveeeeeiiiiiiiiiiiiee e 99
7.2.5 DAta @NAIYSIS.....ccevvuriiunnis s e e e e e e e aaeeeeeaaraata e e e e e naaaaeaaaaaaaaeeaees 99
T.B3RESUILS ...t et e e 100
7.3.1 Attraction bioassays of crude plant extracts fractions ..............ccccceeeeeennn.. 100

Xiii



7.3.2 Compounds identified from GC-MS .........cccceiiiiiiiiiiieeeeeeen 100

T8 DISCUSSION ...ttt e e et e et et e et et e e e e e e e e e e eenns 103

CHAPTER EIGHT

8.0 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMANDAT IONS106

8.1 GeNeral diSCUSSION.......ccuuiiiiieei s icceeeeet ettt e e e e 106
8.2 CONCIUSIONS ...ttt e e e e e e 109
8.3 RECOMMENUALIONS ......eviiiieiiiiiiiee ettt e e e e e e e e e eesn e es 110
REFERENCES ... .ot e e e e e e e e nn e 111

Xiv



LIST OF TABLES
Table 4. 1: Percent relative attraction of ad&t appendiculatugpooled data over
replicates) taC. aureaextracts and AAA pheromone in inverted glass

DIOASSAYS ....oeiiiieieiitiiie e e ettt a e e e e 51

Table 4. 2: Percent relative attraction of aduR. pulchellus(pooled data over
replicates) taC. aureaextracts and AAA pheromone in inverted glass

(0102 TSI Y= £ SR 52

Table 4. 3: Percent relative attraction of adu®. pulchellus(pooled data over
replicates) toC. aurea extracts and AAA pheromone in T-tube

olfactometer DIDASSAY .........ccooviiiiiiit e 53

Table 4. 4: Attraction of adultRhipicephalus pulchellugpooled data for males and
females) to different concentrations Galpurnia aureain semi-field

plot experiments in absence (-) and presence (E®f.................... 56

Table 4. 5: Attraction of adult Rhipicephalus appendiculatu@pooled data for
males and females) to different concentration€alpurnia aureain

semi-field plot experiments in absence (-) andgmes (+) of CQ.... 57

Table 5. 1: Effects of emulsifiable formulation d. aurealeaf extract on radial
growth, mycelial dried weight, conidial yield andability of M.

anisopliaeisolate ICIPE O7...........ccoccevvveiiiiiveiiiieiieieneeenn. 10

XV



Table 5. 2: Effects of AAAP on radial growth, mycelial driedeight, conidial

yield and viability ofM. anisopliaeisolate ICIPE O7..................... 71

Table 5. 3: Values and compatibility classification of varioesncentrations of

emulsifiable extract fron€. aureaon M. anisopliae....................72

Table 5. 4: Values and compatibility classification of variogencentrations of

AAAP on M. anisopliagisolate................coviviiiiiiiiiiiiie e 12

Table 5. 5: Percent mortality of larvae, nymphs and adRiltappendiculatusicks
caused byM. anisopliae(Ma) alone or in association with different

concentrations of emulsifiable extract@faurea.......................73

Table 6. 1: Effects of infection byM. anisopliaeon the reproductive parameters of
femaleR. appendiculatu$ollowing exposure to conidia formulated in

emulsifiable extract of. aureain semi-field plot experiments .......... 89

Table 7. 1: Responses oR. appendiculatusn inverted tube glasses to different

extracts and fractions fro@. aurea.............c.ccoeeiiiiiiineennns 101
Table 7. 2: Compounds identified from Hexane fraction Zofaurea...........102
Table 7. 3: Compounds identified from Hexane fraction Xofaurea...........103

XVi



Figure 2. 1:

Figure 2. 2:

LIST OF FIGURES
The distribution ofRhipicephalusspp., vector ofTheileria parva in

Kenya (FAO, 1992) .....ccooiiiiiiiiiiiii st s s e e e e e e e e e e eeeeeeeesnnnenes 14

Distribution of Rhipicephalus appendiculatus Africa (Walkeret al,

Figure 2. 3: Distribution ofRhipicephalus pulchellus Africa (Walkeret al,, 2003)18

Figure 6. 1: lllustration of the semi-field plot for attractioand infection ofR.

Figure 6. 2:

apPPENICUIAtUS. ... 80.......
Mean percentage (x SDR. appendiculatus attracted to M.
anisopliaéC. aureabaited trap andC. aureabaited trap in semi-field

00 £ < 1<)

Figure 6. 3: Mean percentage mortality (x SOR. appendiculatusdue to M.

Figure 6. 4:

Figure 6. 5:

anisopliae following infection through fungus/plant extracited

Mean percent maleR. appendiculatusrecovered alive following
exposure to fungal inoculum and untreated femadasferred in the

grass containing infected males for 5 weeks.................. ceeuu.. 90

Percent mortality in malR. appendiculatusitially exposed to fungal
inoculum and in untreated female transferred in ghess containing

infected males for 5wWeeksS.......covv o901

Xvil



Figure 6. 6:

Percent mortality in mal®. appendiculatusitially exposed to fungal
inoculum and in untreated female transferred in ghess containing

infected males for 5 weeks and later maintainethénlaboratory for 3

weeks after removal from the grass..........c.ccoviiiiiiiiiiiiiiic e,

XVili



Plate 2.

Plate 2.

Plate 2.

Plate 3.

Plate 3.

Plate 3.

Plate 3.

Plate 4.

Plate 4.

Plate 5.

Plate 6.

LIST OF PLATES
Adult female (left) and male (right) dRhipicephalus appendiculatus

(KIDUK, 2008) ... veo v eeeeeeeseesss e eeeeseeeseeeeeseeeseeeeesesesesanene 16

Adult female (left) and male (right) é&thipicephalus pulchellu&ibuka,

2006) ..eiiee e ———————————— e e ettt e e e e et rr e e e e ennnnnraeas 17
Fresh leaves and flowers @&lpurnia aurea(Nana, 2009)...................... 31
Dry powder ofC. aurealeaves (Nana, 2009).......ccccceeveeeeiiimccmneeenee. 33

Starter cultures d¥1. anisopliaein orbital shaker incubator (Ouna, 2009)37

Mass production oM. anisopliaeon rice substrate in Milner bags (Ouna,

Mass produced conidia df. anisopliaein plastic basin undergoing drying

at room temperature (Ouna, 2009)..........commmeeeeeeeeeeriiiiieeeeeeees 38
Experimental arena made up of inverted glass t(Masa, 2009).......... 44
Dual choice T-Olfactometer (Nana, 2009) .....oeeeeeeeeeieeeeeeeeennnnnn... 46

Radial fungal growth of a pure cultureMf anisopliae(Nana, 2009).... 65

Potted grass seeded with male fungus-infected aictated femaleR.

appendiculatugNana, 2010) ..........uuuiiiiiiiieieeeee e 83

XIX



Plate 6. 2: Mycosis byM. anisopliaeon R. appendiculatusadaver; viewed from the

ventral side. (Leica MIiCroscope, 16 X) .....ceeeeriiiiiiiiiiiiiiiiiiiiieeee e 86

Plate 6. 3: Mycosis byM. anisopliaeon R. appendiculatugggs that failed to hatch

(V=3 = T2 1 0 ) SR 90

XX



ANOVA

BCA

DDT

DEET

Df

EPN

ESM

ICIPE

IPM

JKUAT

RH

TBD

SAS

SDA

SE

SNK

LIST OF ABREVIATIONS AND ACRONYMS

Analysis of Variance

Biological Control Agent
Dichlorodiphenyltrichloroethane

N, N-Diethyl-meta-Toluamide

Degree of Freedom

Entomo Pathogenic Nematodes

Error Standard Mean

Infective Juvenile

International Centre of Insect Physiology and Egglo
Integrated Pest Management

Jomo Kenyatta University of Agriculture and Teclog/
Light-Darkness photoperiod proportion

Relative Humidity

Tick-borne diseases

Statistical Analysis System

Sabouraud Dextrose Agar

Standard Error

Student-Newman-Keuls

XXi



ABSTRACT

Ticks of the genufhipicephalusare important parasites of livestock in the world.
Rhipicephalugicks cause huge economic losses to cattle anel higveat capacity to
develop resistance to chemical acaricides. Therthasneed therefore to develop
alternative strategies that could complement thistieg control methods of this
ectoparasite. Entomopathogenic fungi are beingidered as a promising option for
the control of ticks on-host and off-host. The admthis study was to assess the
potential of using extracts fror@alpurnia aureaas attractant in association with
Metarhizium anisopliador the control ofRhipicephalusspp. as an affordable and
environmentally friendly technology. Experimentsrevéirst carried out to assess the
response of two tick specieRhipicephalus pulchelluand R. appendiculatugo
different concentrations of extracts (acetone, agseand oil) of dry leaves di.
aureain both an inverted glass tube and a dual chotofactometer. The oil extract
at the concentrations of 50 and 100 mg/ml attractéd/ and 65.9% ofR.
appendiculatustespectively, in the inverted glass tube assay;hwivas comparable
to the attraction-aggregation-attachment pherom(@hAAP) used as a check
(47.8%). The attraction of both tick species tonplextract was also tested in semi-
field plot experiments using a trap baited with fetiént concentrations of
emulsifiable extract ofC. aurea.A dose of 100 mg/ml attracted 52.2% Rf
pulchellusand 44.4% ofR. appendiculatugsrom a distance of 1 m, respectively,
while 14.4% ofR. pulchellusand 12.2% oR. appendiculatusvere attracted from 5
m distance. Addition of C&to the plant extract-baited trap at the dose 6f h@/ml

XXii



increased the range of attraction of adriltpulchellusto 44.4% and to 33.3% of
adultR. appendiculatusick from a distance of 5 m. The compatibilitytbe fungus
M. anisopliaewith emulsifiable extract of. aurea and AAAP was evaluated in the
laboratory in terms of fungus vegetative growthnid@ production and viability.
Compared to AAAP which inhibited fungus vegetativewth and conidial viability,
emulsifiable formulation of the plant extract wasmpatible with the fungus at all
the concentrations tested. The prospects of atigaand infectingR. appendiculatus
ticks were evaluated in semi-field experiments.k3iavere released at various
distances and then attracted to the trap baiteldl avinixture of emulsifiable extract
and fungal conidia. Half of these ticks exposeitaanisopliaewere brought to the
laboratory and incubated at 26 £@ and 85 + 5% RH. The other half was allowed
to feed on rabbit in order to evaluate the reprtidagpotential. Eighty three (83%)
per cent of the ticks brought to the lab died ohdal infection. MaleR.
appendiculatugicks were attracted and exposed to conidia in a plammaexbaited
trap. These males were collected and placed togefte five weeks with
uncontaminated females in proportions of 1:This study showed that
autodissemination of fungal inoculum betwelen appendiculatugicks did occur
under semi-field conditions. The results of therent study revealed th&. aurea
extracts with M. anisopliae in a trap system can potentially be used as an
environmentally friendly and low cost strategy tntrol Rhipicephaludicks in the

field.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Introduction

Livestock rearing is an important source of incdimemany small- and large-scale
farmers worldwide (Heraret al, 2008). Marketed livestock products include meat,
milk, skins and hides while some animals e.g. oxéso help alleviate labour
constraints by assisting in transport and landivatlbn. However, there are a
number of constraints that limit livestock prodoatiand one of the major is the
infestation by ticks (Hlatshwayo and Mbati, 2005hey cause direct loss through
blood sucking and injury, and are also vectorsngbartant livestock and several
human diseases. Global losses to livestock dueckoand tick-borne diseases are
estimated at US$ 13.9-18.7 billion annually. Iniédr; ticks and tick-borne diseases
(TBD) are considered the single most important ahidsease problem. In Tanzania
alone for example, the total annual national losg d¢o tick-borne diseases is
estimatedat 364 million US dollars including an estimatedrtality of 1.3 million

cattle Kavaria, 2006).

Ixodid ticks such aRhipicephalus appendiculatideumann, 1901 ard. pulchellus
Gerstacker, 1887 in particular, are among the moshomically important parasites
in tropics and subtropics (Bram, 1983). They trabgmathogens that cause tick-
borne diseases such as East Cost Fever (Theigrioseartwater Gowdria

ruminantiun), Tick-bite Fever Rickettsia conoji Nairobi Sheep Disease



(Nairovirus), Q Fever Coxiella burnetti), and dermatophylosisDérmatophilus

congolensik

The use of synthetic acaricides including chloedatydrocarbons, pyrethroids,
organophosphate and formamidines still remainsntha approach to management
of tick and tick-borne diseases (Dawetyal, 1998; Georget al, 2004). However,
excessive use has resulted in development of &slstance to most of the major
products (Alonsa-diazt al, 2006) and led to point concerns over the effedts
widespread use of chemical acaricides on humangrendnvironment (Jonssat
al., 2000; Karralliedest al, 2003). In addition, synthetic acaricides areesmgive to

African farmers who mainly practice subsistenceniag.

These shortcomings have prompted the search femative tick control methods
that are cheap and environmentally friendly. Theyclude the use of
entomopathogenic fungi and nematodes (Maniahial, 2007; Reis-Meningt al,
2008), vertebrate predators (Samish and Alekse@/])2 tick vaccines (Bouet al.,
1998) and plant extracts (Wanzalzal, 2005; Zorloniet al, 2010). There have been
also attempts to use entomopathogenic fungi oriadas in combination with
semiochemicals (pheromone and kairomone) (Noetal, 1996; Marangat al.,

2006; Nchuet al, 2009; 2010).

The potential of pheromone-mediated tactics for tt@ntrol of ticks was
demonstrated by Norvadt al. (1989a) who used a crude extract Avhblyomma

hebraeumKoch, 1844 male-produced attraction-aggregatitechment pheromone
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(AAAP). A device treated with conidia of the entgmathogenic fungi and baited
with AAAP and carbon dioxide for infection of ticke vegetation was tested by
Marangaet al (2006) and Nchuet al (2009). Recently, Nchiet al (2010)
demonstrated the potential of Metarhizium anisopliae (Metsch.) Sorokin
(Hypocreales: Clavicipitaceae)-treated pheromonitba traps in reducing

Amblyomma variegatufRabriscius populations in the field.

1.2 Justification

Ticks are obligatory bloodsucking arthropods, cégaif transmitting diseases in
humans, domestic and wild animals, thereby infligtigreat economic losses in
livestock in many regions of the world. In Africicks and tick-borne diseases are

considered the single most important animal dispasglem.

The management of this pest has mainly relied erutie of synthetic acaricides and
repellents (Jernigaret al, 2000). However, the excessive use and misuses of
synthetic acaricides have led to negative effeath s environmental pollution and
destruction of beneficial insects. In additionksthave developed resistance to many
of these synthetic acaricides (Beugnet and Chaetprd®95; Jonssoet al, 2000;
Mekonnenet al, 2002). The cost of these chemical pesticiddsgks and cannot be
easily afforded by small-scale farmers. There ésrtbed therefore for alternatives to
acaricides that are sustainable and environmerftadiydly. Pathogens and plants

extracts are among the alternatives being congidere



Among the pathogens, entomopathogenic fungi haven bide most widely
evaluated. They infect the host through the cutcld their conidia can be applied as
sprays in total cover on the vegetation (Kaayal, 1996; Kaaya and Hassan, 2000)
and on host (Kaayat al, 1996; Polaret al, 2005). However, a new strategy is
currently being considered, whereby fungal conalia disseminated among target
pest populations by using devices that attractcissmto a focus of the pathogens
(Vegaet al., 2000). The system relies on visual cues (Maniatial 1998, 2002;
Migiro et al, 2010), sex pheromone (Petl al.,1993; Vegaet al, 1995; Klein and

Lacey, 1997) or kairomones (Diméi al.2003) and the pathogen.

Members of certain genera of ticks suchAasblyommaactively respond to the
attraction-aggregation-attachment-pheromones (AAARhich is secreted by
feeding male ticks, and to carbon dioxide exhalgdtheir host (Norvalet al,
1989b). AAA pheromone iA. variegatums composed of a blend of three phenols;
o-nitrophenols, methyl salicylate and perlagoniadg8choniet al, 1989). Hess and
deCastro (1986) and Marangtal (2003) were able to demonstrate the attraction of
A. variegatunto the AAA pheromone. Subsequently a device treatigdl conidia of

the entomopathogenic fungi and baited with AAAP aatbon dioxide for infection

of ticks in vegetation was developed and testellagangaet al. (2006) and Nchet

al. (2009).

A number of plants extracts have been reportedtti@ca ticks of the genera
Rhipicephalusand could be used as substitutes to AAAP in a éetadnfect ticks

with entomopathogenic fungi These include Acalypha fruticosa Forssk
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(Euphorbiaceae)lpomoea spathulatddallier (Convolvulaceag)Solanum incanum
Linnaeus (Solanaceae) (Hassdral, 1994) andCalpurnia aureaBenth(Zorloni et
al., 2010). The latter is also used for tick contimlwestern Ethiopia (Regassa,
2000). The present study was motivated by thedibraresponse of ticks to extracts
of C. aurealeaves collected in Ethiopia (Zorloat al. 2010).Calpurnia aureais a
small tree occurring widely all over Africa and iadC. aureais used to destroy lice
and to relieve itches, to destroy maggots and dat tallergic rashes, particularly

those caused by caterpillars.

The role of ethno-veterinary plants in integratiett tontrol have been the focus of
attention in the last two decades (Wanztlal, 2005; Abduz Zahiet al, 2009).
Although attraction of some tick species to plarase been reported (Hassanal.,
1994; Zorloniet al, 2010), no product combining an attractant pkxitact with a
biological control agent in a trap is available.isTmay be attributed to the lack of
adequate information on tick attraction responsespecies level, and the absence of
suitable application technique for a mycoacaricilbe aim of this study was to
address the different aspects that could playainotieveloping effective product for
tick control by integrating ethno-veterinary plastattractant with entomopathogenic

fungusMetarhizium anisopliae



1.3 Objectives

1.3.1 Overall objective

To assess the potential of integrating the ethriervary plantCalpurnia aureawith
Metarhizium anisopliador the control of adulRhipcephalus appendiculatusd

Rhipicephalus pulchellus

1.3.2 Specific objectives

1. To assess the potential d. aurea extracts in attracting adulR.
appendiculatugndR. pulchellugicks

2. To assess the compatibility betwddnanisopliaeisolate ICIPE an€. aurea

3. To evaluate the effectiveness of an attractant tfap infection and

autodissemination d¥l. anisopliaeamongst adulR. appendiculatus

4. Bioassay guided fractionation df. aurea leaf extracts responsible for

attraction ofR. appendiculatus

1.4 Null hypotheses
1. Rhipicephalus appendiculatandR. pulchellusare not attracted tG. aurea
leave extracts.
2. Calpurnia aureaextract is not compatible witkl. anisopliae.
3. The attractant trap for infection and autodissetonaof M. anisopliae

amongst adulR. appendiculatus not effective.



4. There are no active componentLinaureaextracts responsible for attraction

R. appendiculatus

1.5 Alternative hypotheses
1. Rhipicephalus appendiculatiend R. pulchellusare attracted t&alpurnia
aurealeave extracts.
2. Calpurnia aureaextract is compatible witM. anisopliae.
3. The attractant trap for infection and autodissetionaof M. anisopliae
amongst adulR. appendiculatus effective.
4. There are active componentsGn aureaextracts responsible for attractién

appendiculatus



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Ticks biology

2.1.1 Tick classification

Ticks are obligate haematophagous ectoparasitesertébrates (Mans and Neitz,
2004). They belong to the subclass Acari and sderaixodida which comprises of
three families; Argasidae (soft ticks), Ixodidaeargh ticks) and Nutalliellidae
(Sonenshine, 1991). According to Kranz (1978), thegor behavioural difference
between ixodids and soft ticks is that ixodids spsaveral days feeding on the host
while argasids ticks feed rapidly and the feedisgally lasts less than an hour.
Ixodid ticks also differ from argasid ticks in tmeimber of nymphal stages; with
ixodid ticks having only one nymphal stage whilgeamid ticks have at least two
nymphal stages (Sonenshine, 1991). For the purpbgkis study, focus was on

ixodid ticks.

2.1.2 Life cycle of ixodid ticks and development gterns

Ticks have four stages in their life cycle: eggyvé nymph and adult. Mating

usually occurs while adult ticks are on the bodyhef host animal. The female then
drops to the ground and deposits her eggs. Adolale hard ticks feed only once
and lay one large batch of eggs, often containgxghany as 10,000 or more. Some

adult female ticks will feed several times and 29 to 50 eggs after each



meal. Depending on such conditions as temperanatehamidity, larvae will hatch

from the eggs in anywhere from two weeks to seveaiths (Sonenshine, 1991).

The first immature stages (larvae, which are mangs called seed ticks) have only
six legs. These larvae must find and attach themseio a host in order to get a
blood meal. After obtaining this blood meal theyalyy drop to the ground, shed
their skin and emerge as 8-legged nymphs. Larvaemik ticks which feed only on
one host remain on the host to molt. Because exfitfiiculty of finding a suitable

host, larvae can withstand long periods withoutliieg (Bedford, 1934).

Nymphs resemble the adult tick in that they haghteiegs. They do not, however,
have a genital opening. Like the larva, the nynmpinst be able to live without
feeding for long periods of time until it finds ai®ble host. After finding a host
and feeding, the nymph molts and becomes an adklt tHard ticks have only one
nymphal instar while soft ticks may have severalfew ticks, such as the cattle,
Rhipicephalus annulatuSay, 1821 have only one host and molt on it, wthilee-
host ticks such a8mblyomma hebraeuitoch, 1844 needs three hosts to complete
their life cycle. Each life stage seeks a host €dshine, 1991). Adult ticks may
require several days of feeding before they are &blreproduce. Male hard ticks

usually die soon after mating, and females die sdtan laying their eggs.



2.1.3 Morphology of ixodid ticks and adaptation

The body of tick comprises of two main regions geathosoma and idiosoma.
Gnathosoma includes basis capituli and mouthpahts.mouthparts consist of a pair
of four-segmented palps, a pair of two-segmentaticdrae and a hypostome. Ticks
use the chelicerate to penetrate the epidermibedf host and insert the hypostome
with retrograde teeth into the wound. The retrogrdadeth on the hypostome,
together with the cement material secreted by gdickalivary glands, enhances
attachment of tick to its host (Sonenshine, 199he idiosoma bears the legs,
genital pores and spiracles. The chitinous scutufiemale ticks covers the anterior
third of the dorsal side of the idiosoma while irales it extends over the entire

dorsum of the idiosoma (Kranz, 1978).

Hard tick have evolved and successfully adapted tiood-feeding mode of life
(Mans and Neitz, 2004). In order to allow the fl@ivblood during feeding, the
salivary gland of ticks secretes anticoagulants \aambdilators (Saueat al, 2000).
Tick salivary gland also secretes immuno-modulatevhich can suppress the
immune system of the host (Barriga, 1999). Ticksehhighly efficient sensory
organs, which consist of chemosensilla, mechandkerad photosensilla. The
tick's sensory organ, the Haller's organ, is siglabn the dorsal surface of the tarsi
of each foreleg and it has both olfactory and gosfachemosensilla (Sonenshine,
1991). Olfactory chemoreceptors or sensilla peecewlatiies while gustatory
chemoreceptors perceive stimulus on contact (Pestital, 1993). Also, Caroll

(1998) demonstrated that aqueous wipes of metatglaad of White-tailed deer
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elicited an arrestant responsdxndes scapulariSay, 1821Some Ixodid ticks such
asHyalomma truncatunKoch, 1844 possess eyes equipped with photoreceaiar

capable of perceiving visual signals (Bergermarath@athe, 1997).

The mouthparts of hard ticks have three visible ponents: the two outside jointed
parts are the highly mobile palps; between thesgaired chelicerae, which protect
the centre rod-shaped structure, the hypostome.p@lps move laterally while the

tick is feeding and do not enter the skin of thetho

2.2 Tick habitat

Most ticks spend the bulk of their life on or nélae ground, waiting for a suitable
host animal. Since they cannot run, hop, fly ovenquickly, ticks must climb onto

an appropriate object such as tall grass or weedg @mwnto fences and siding of
buildings. It is from these advantageous positibias they wait for a suitable host to
pass by. When they detect vibrations and chenduoak such as host odours or
exhaled carbon dioxide, ticks will fall from thgerch or stretch out (holding on to
their perch with only 2 or 4 of their rear legs)dahop to snag or attach onto a
passing host (e.g., a mammal with a fur coat otgpand socks worn by humans).

Ticks are also capable of detecting shadows casa Ipassing host. These tick
behaviours are important to understand and recegmizorder to make effective

control (Sonenshine, 1991).
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2.3 Semiochemicals

A semiochemical or infochemical is any chemical poomd used in
communication, whether between species (as in sy88b) or between members of
the same species (Holldobler and Wilson, 1990; WMew®06). The signals
transmitted between individuals of different speaee called allelochemicals, while
those mediating behaviour between individuals & $hhme species are known as
pheromones. Pheromones are glandular secretionshwhnen released by one
individual trigger a behavioural response from othmdividuals upon tasting or
smelling it (Holldobler and Wilson, 1990; Howse al, 1998). Allelochemicals are
subdivided into three broad classes: allomones,oragmes and kairomones
(Nordlund, 1981; Hdlldobler and Wilson, 1990). Atlones are signals that benefit
the emitter while being of negative or no significa to the receiver, e.g. a lure used
by a predator to attract a prey. A kairomone, biendie receiver by either evoking a
behavioural or physiological reaction. Synomonesefie both the emitter as well as

the receiver.

2.3.1 Semiochemical communication in ticks

Communication in ticks is very diverse and includesstly streaking of chemicals
that evoke various responses from simple recognitm recruitment and alarm
(Holldobler and Wilson, 1990). Chemical signals m&dg communication in ticks
are usually complex mixtures of substances witrsi@rable variation in molecular

composition and in the relative proportions of camgnts. Such multicomponent
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signals can be produced in single exocrine glabds,they can also be blends
composed of secretions from several glands. Chénsiggals can be further
combined with cues from other sensory modalitieghsas vibrational or tactile
stimuli. The various kinds of accessory signals allguserve in modulatory
communication, lowering the response threshold hia tecipient of the actual
releasing stimulus. Comparative studies suggedt rti@ulatory signals evolved
through ritualisation from actions originally no¢lated to the same behavioural
context, and modulatory signals may further evatvbecome independent releasing

signals (Hélldobler, 1995).

2.3.2 The role of odours in behaviour of ticks

Secretions from dermal glands of both prostriatd aretastriate ticks have been
widely reported (Walkeret al, 1996). Particular attention has been paid to the
aggregation—attachment pheromone of s@meblyommaspp. (Diehlet al, 1991)
and the suspected tick pheromone product 2, 6aticphenol (De Bruyne and
Guerin, 1994). It is known that several metastriaties transiently release cuticular
droplets in response to physical disturbance, foickv a defensive role has been
suggested. Yodeet al. (1993) found thaDermacentor andersorftiles, 1908 D.
variabilis Say, 1821 A. americanuniinnaeus, 175&ndA. maculatunKock, 1854
release a “pungent odour” associated with the appea of droplets on the cuticle.
Pavis et al (1994) observed the release of droplets Ay variegatum after
disturbance, and Walket al. (1996) reported the release of droplets with aifso

nut-like smell” from unfed and fe®. appendiculatuadults after handling. Those
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different chemicals play an important role in theqess of attraction, aggregation

and attachment for feeding.

2.4 Rhipicephalus appendiculatus and R. pulchellus
These two tick species are economically importantropical regions including

Kenya (Figure 2.1) and were selected for the prestendy.

ETHIOPIA

UGANDA

YIITHNOS

L. VICTORLA

TANZANIA

=" o¢ Distribution ofRhipicephalugicks in Kenya

Figure 2. I The distribution of Rhipicephalus spp., vector ofTheileria parva in

Kenya (FAO, 1992)
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2.4.1Rhipicephalus appendiculatus Neumann, 1901

R. appendiculatyds widespread in Africa (Figure 2.2), feedingroany species of
vertebrate hosts (Walker, 1974). At certain timeghe year, particularly after rain,
adults can be found stationed at the top of thedtong heads of grasses, sometimes
with more than ten ticks per stem. It is noticeabl# this may occur even in areas
densely covered with grass, and where few stemy @any ticks.Rhipicephalus
appendiculatugPlate 2.1) feeds in each of its three instanvg@lanymph and adult).
Ticks ready to feed climb vertical objects, usudflg flowering heads of grasses, but
sometimes grass leaves or, rarely, other planterelthey wait, and if a host
approaches they usually adopt 'questing’ attitudéh viheir fore-legs extended
horizontally (Lees & Milne, 1951). Should the hdstich them, they immediately
cling on and feed. After feeding, each individuatathes and falls to the ground,
where the larvae and nymphs moult to the nextinpatad the adult females lay their
eggs and die. Thus the adults observed on the steises from nymphs that have
previously engorged and fallen. A host may carrgdanumbers of each instar, and
these fall wherever the host happens to be atithe that the ticks detach. The
common hosts are large active ungulates, and athdlvere may be a ’preferred’
time of day for detachment (George, 1964, 1971;adadnd Ziv, 1974) with many
ticks detaching over a short period, the likelihadidwo or more falling so close
together that they will later climb the same gragsm by chance seems small.
Moreover, the period that elapses between thengplbf the nymphs and the

appearance of adults on the stems may be severghson cool weather and the
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chances of survival are probably small in the natlv@l regions where the species is

abundant (George, 1971).

Plate 2. T Adult female (left) and male (right) of Rhipicephalus appendiculatus

(Kibuka, 2006)

Figure 2. 2 Distribution of Rhipicephalus appendiculatus in Africa (Walker et

al., 2003)
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2.4.2Rhipicephalus pulchellus Gerstacker, 1873

This tick is commonly known as the Zebra tick watlihree-host life cycle and can
transmit the protozoarypanosoma theilerigo cattle (Kibuka-Sebitosi, 2006).
Rhipicephalus pulchellugPlate 2.2) is found in the savannah, steppe, dasert
regions and is the commonest tick in North Eastcafand Rift valley (Figure 2.3).
It has a wide variety of hosts including Zebra,dBlahinoceros and Eland (Walker

al., 2003).

Plate 2. 2 Adult female (left) and male (right) of Rhipicephalus pulchellus

(Kibuka, 2006)
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Figure 2. 3 Distribution of Rhipicephalus pulchellus in Africa (Walker et al.,

2003)

2.5 Economic importance of ticks

The economically most important ixodid ticks ofdstock in tropical regions belong
to the genera oHyalomma Boophilus Amblyommaand Rhipicephalus(Frans,
2000). In many areas of the world, tick-inducedduaivity and mortality losses
inflict large costs on beef and dairy industriesd ahe problem remains especially
severe in Africa. Ticks are responsible for sevecenomic losses both through

direct effect of blood sucking and indirectly astee of pathogens and toxins.

2.5.1 Direct effect on the host

Feeding by large numbers of ticks causes reduaholive weight and anaemia

among domestic animals, while tick bites also redhe quality of hides. Apart from
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irritation or anaemia in case of heavy infestatjdick can cause severe dermatitis
(FAO, 1998). These parasites generate direct sffectcattle in terms of milk
production and reduce weight gain (L'Hostis andg8ee 2002; Petest al, 2005).
Tick paralysis is characterized by an acute asogniiiaccid motor paralysis caused
by the injection of a toxin by certain ticks whileeding. Examples are paralysis
caused by the feeding ddermacentor andersonisweating sickness caused by
Hyalomma truncatumAustralian tick paralysis caused bydes holocylusand tick
toxicosis caused bRhipicephalusspecies (Drummond, 1983). Tick paralysis can
occur at any time if the weather is warm and huf8tewart and de Vos, 1984).
Ticks are attached to the body for a blood mealraagt cause irritation and serious
physical damages to livestock including “tick wdrryrritation, unrest, and weight
loss due to massive infestation of ticks, direqiirinto hides due to tick bites, and

loss of blood due to the feeding of ticks (Drummgoh@B3).

2.5.2 Vector of pathogens

Ticks can be carrier of pathogens which they trangom host to host during blood
sucking and cause a large variety of diseases (FK98). The major diseases
include Babesiosis, Anaplasmosis, Theileriosis, la@@tt-water, East Coast fever; in
addition, other diseases of lesser importance caesere economic losses to the
livestock industry (Drummond, 1983; Bram, 1983).eTpresence, dynamics and
amount of parasite stock in ticks exert a majoduirice on the Kkinetics of

transmission of tick-borne parasitic diseases (Md@80).
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2.6 Tick Control

2.6.1 Chemical control

Farmers mostly rely on the use of chemical acagidnd repellents to limit
production losses. In order to reduce contact bewicks and vertebrate hosts,
chemical repellents such as N,N-diethyl-m-toluam{B&ET) and permethrin are
extensively used (Fauldet al, 2003; Klunet al, 2003).Acaricides typically are
highly lethal to ticks, and field applications gealey are quite effective in reducing
tick numbers $onenshine, 1993; Stafford and Kitron, 2002). gemmet al (2000)
demonstrated the acaricidal efficacy of Selameagainst experimentally induced
ticks (Rhipicephalus sanguineumnd Dermacentor variabiliy infestation on dogs.
Witchey-Lakshman (1999) outlined the various clas§ ectoparasiticide:
Organophosphate (diazinon, fampur, phosmet, dicb&)r synthetic pyrethroids
(resmethrin, deltamethrin, permethrin), carbamdtasbofuran, propoxur), growth
regulator (fenoxycarb, methroprene), amitraz, fifroand methandiol that are
currently being used for tick controlAlthough clearly effective at reducing
transmission of tick-borne pathogens to livestagpeated heavy applications of
pesticides to hosts can cause considerable mgriraliton-target arthropods through
environmental contamination (Gasseeal., 1997). Moreover, evolved resistance to
acaricides, which is a well-known problem with maisges, is a persistent issue for
tick species such ahipiephallus microplushat are chronically exposed by virtue
of their close association with cattle to which Hearicides are applied (Fat al.,

2004, Georget al, 2004).
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2.6.1.1 Problems posed by synthetic acaricides

Tick resistance to acaricides is on the rise dpeaally to increased frequency in
the application of acaricides (Jonssetnal, 2000). For instancdR. microplushas
developed resistance to synthetic pyrethroids anitk@ (Beugnet and chardonnet,
1995; Jonssoret al 2000), amitraz, chlorfenvinphos and cypermethagainst
Boophilus decoloratugMekonnenet al., 2002). The resistance mechanism of ticks
such asR. microplusto acaricides (coumaphos and diazinon) has be&adito an
enhanced cytochrome P 450 monooxygenase-mediatedifamtion (Li et al,

2003).

Environmental pollution is a serious problem pokgdhe use of synthetic acaricides
in tick control. Chemical compound such as DDT, csudfan and endosulfan
sulphate are toxic and bioaccumulate in nature t{Bbarya et al, 2003).
Accumulation of these contaminants in water, sod animals has been reported in
Jamaica (Mansingh and Wilson, 1995). In 1961, tteeding number of peregrine
falcons fell drastically and this was correlatedhwabnormally high residual levels
of metabolites of DDT and dieldrin found in botle thssue and the carcasses of birds
that fed on seeds treated with these compoundeig,J2000). The accumulation of
toxic chemicals obviously has an amplified effect the food chain leading to
magnification of toxic residues in animals occugriat higher levels of the food
chain (Boudou and Ribeyre, 1997). Acaricides wdse &entified in honey bees
using reversed-phase high performance liquid chtognaphy (Martel and Zeggane,

2002). It is obvious that such a situation is po&dly dangerous to humans.
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Organophosphate accumulation in fatty tissue of mals can lead to poisoning in
man (Karalliedeet al, 2003). According to Selinet al (1995), DEET can be
absorbed through the skin of humans. Recently, giémim that was used to repel
arthropods has also been implicated in Gulf waateel diseases (Rivieret al.,

2002).
2.6.2 Vaccination

Ticks, in the process of feeding produce antigehghvfacilitate the acquisition of
blood from their hosts and that can activate tleapction of antibodies in the hosts
against internal organs of the ticks (da Silva ghal, 1996). These antigens might
be useful in the development of anti-tick vacciflesamuraet al.,2008). A vaccine
(Gavad™) effective againsR. micropluswas recently developed in Cuba (Baeté
al., 1998), but its efficacy against the other spedesld not be demonstrated.
According to Willadsen (2005), current vaccineslddoe improved by inclusion of
additional tick antigens. Research in tick vacdileselopment is fairly recent and it

opens interesting opportunities for future research
2.6.3 Ethno-veterinary plants

Ethno-veterinary medicine is very important in A&iand other developing countries
since a greater proportion of livestock farmerssamall-scale and most of these are
in rural areas where cultural practices are stdsprved (Madge, 1998). Plant extract
preparations are developed by famers rather thentsts due to lack of finance to

purchase synthetic acaricides which force themejmedd on traditional methods of
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tick control. Furthermore, products from plant sashneemAzadirachta indicaare
easily biodegradable (Liangt al, 2003); thus making them likely less toxic to the

environment and non-targeted species (Castaghali, 2002).

Traditional knowledge on the use of ethno-vetesinalants for tick control is fast
disappearing due to the lack of documentation sihisetype of knowledge has been
transferred orally (Mathias, 2001). Furthermore, éfficacy of most plants that have
been traditionally used has not been scientificedted. Due to the economic and
medical importance of ticks, it is necessary t@snrsome ethno-veterinary plants
that have acaricide properties and could be usdélywiSome of the advantages of
promoting research on ethno-veterinary include dbeeelopment of plant-derived
semiochemicals which may be easily accessible éyuhal communities, their low

toxicity and biodegradability; thus, the need foeit conservation.

2.6.4 Biological control of ticks

Biological control is the use of natural enemiese@ators, parasitoids, and
pathogens) for the control of insect pests andhies af the alternatives to synthetic

chemical pesticides.

2.6.4.1 Predators

Predators such as spiders, ants, beetles, rodénesys, birds and reptiles have been
reported to significantly contribute to natural trohof tick populations (Samish and

Rehacek 1999). Fleetwoodt al (1984) found that predators are efficient in

23



biocontrol of ticks in different habitats and maach up to 100% control in some
cases. In southern Queensland, ants and the housse M. musculuswere found
to be the only significant predators of engorgethdkes of the cattle ticlB.
microplus(Suthersiet al 2000). Nine genera of spiders were identifieghi@slators
of five genera of hard ticks and two of soft tigizarroll, 1995). However, their

potential as biological control agents in inundatiglease is very limited.

2.6.4.2 Parasitoids

The most widespread parasitoid of ticks li@diphagus hookeri(=Huterelius
hookerj I. caucurte) (Hymenoptera: Encyrtidae) (Trjapitzin, 1985) whicas been
recorded from Asia, Africa, North America and EugogHu et al, 1993).
Unfortunately, their mass production for inundativeleases is prohibitively
expensive, in addition to the high costs of mamitay tick colonies, necessary for

raising these obligate tick parasitoids.

2.6.4.3 Entomopathogens

2.6.4.3.1 Bacteria

Although several bacterial species have been regpgoathogenic to ticks in the
laboratory (Samish, 1999), no attempt to devel@ontlas microbial biocontrol agents

of ticks has been done. They need to be ingesteduse infection in the host.
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2.6.4.3.2 Nematodes

Entomopathogenic nematodes (EPNs) of the familietetdrhabditidae and
Steinernematidae are known to be obligatory passit arthropods. The only free-
living stage of the nematode, the third/infectivegnile (1J), actively locates and
enters the host via natural openings, and theasetesymbiotic bacteria that kill the
host insect within 24-72 h. These nematodes haverrigeen reported to parasitize
ticks in nature. However, it was demonstrated thay efficiently kill engorgedR.
annulatusfemales in petri dishes (Samish and Glazer, 199®@yeover, engorged
females of numerous other tick species were aldedkby these nematodes (El-
Sadawy, 1994; Samigt al, 1996; Zhioueet al, 1995; Kocaret al, 1998; Samish

et al.,1999).

2.6.4.5 Fungi

2.6.4.5.1 General biology

The taxonomy of the entomopathogenic fungi haseased interest the last past ten
years leading to a new phylogenetically based ifieatson of fungi (Humber,
2008). Entomopathogenic fungi widely studied foolbgical control belong to
Clavicipitaceae FamilyOrder Hypocrealel and include species likigletarhizium,
Beauveria, Isarig=Paelomycey Hirsutella, Lecannicillium(formerly Verticillium),
Culicinomyces, Tolypocladiunand Nomuraea (Vega et al, 2009) Ekesi and
Maniania (2007) reviewed the use of entomopathagé&mgi in biological pest

managementVetarhizium BeauveriaandlIsaria genera are considered non specific
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pathogens for Acari (Chandlet al, 2000) and they are however the most studied

for biological control of ticks.

2.6.4.5.2 Mode of infection

The fungi invade hosts by a process which involesadhesion of conidia to the
cuticle, conidia germination, formation of appressand penetration through the
cuticle, with penetration occurring 72 hrs postenlation (Arrudaet al, 2005). This
penetration is helped by secretion of the chitiioclyenzyme CHIT 30 byM.
anisopliae(Da silvaet al, 2005). Other enzymes implicated in the degradatf the
tick cuticle by M. anisopliaeduring the infection process include chitinased an
proteases (de Moraes al, 2003). According to Goettet al. (1989), penetration of
the epicuticle primarily occurs by enzymatic degtamh, while penetration of the
procuticle involves both enzymatic degradation amechanical separation of the
lamella. Differences in tick cuticular lipids anddnocarbons can influence tick
susceptibility to fungal infection, which may acobdior differential susceptibility of
A. maculatunkKoch andA. americanunto M. anisopliaeandB. bassiangKirkland

et al, 2004).

2.6.4.5.3 Potential of fungal pathogens for tick edrol

The pathogenicity to various fungal species agaitigts has already been
demonstrated in the laboratory. For example, Samiisdl. (2001) showed thatl.
anisopliag B. bassiana, M. flavoviridandl. fumosoroseavere pathogeniagainst

R. sanguineuk. (Acari: Ixodidae). In an in vitro bioassay coanizon of the efficacy
26



of M. anisopliae, M. flavoviride, B. bassiana, |. fusnoosea and L. lecanagainst
engorged femal®. annulatugicks, Gindinet al (2001) found thaM. anisopliae
andB. bassianavere the most effective, killing 85 to 100% ofkscwithin 7 to 10
days of treatment and preventing egg productiororeetieath. An isolate dB.
bassiana(Bb 28) caused high larval mortality and low hatghof the eggs among
fungus-treatedR. micropluseggs and larvae (Fernandstsal, 2003). Investigating
the effect of 12 isolates dfl. anisopliag infected and non-infected by dsRNA
viruses, on engorgeld. microplusfemales, Frazzoet al (2000) observed that the
most pathogenic isolates caused 100% mortalitpgorged females dR®. microplus
13 days post-treatment at test concentration 6tafidia mi*. They also found that
dsRNA mycovirus-free isolates ™. anisopliaewere more infective than the ones
taken from experimentally infected ticks. IsolatédVl. anisopliaekilled laboratory
populations of engorged females, eggs and larv&e aficroplusand affected their

oviposition behaviour (Bittencouet al, 1992; Bittencourét al, 1994a,b).

The potential of entomopathogenic fungi for tickhtrol has also been demonstrated
in the field. When ticks were treated with entortbpgenic fungi and maintained in
potted grass, oil-based formulationsBofbassianandM. anisopliaeof 10° conidia

ml?

induced 100% mortality irR. appendiculatusand A. variegatum larvae,
between 80 and 100% mortality in nymphs and 80 @0®%b mortality in adults
(Kaaya and Hassan, 2000). In a more recent stuabt, gngorgement and egg mass

weight were 33 and 55% lower, respectively, in flEemafixodes Scapularigreated

with M. anisopliaein the field before they were allowed to feed twe trabbits
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(Hornbostelet al, 2004). Kaaya (2000a) and Benjangihal. (2002) reduced tick
populations oR. appendiculatukarvae and. scapularisunfed adults respectively in
vegetation by spraying with aqueous suspensioll.oinisopliae Benjamenet al
(2002) determined the efficacy of the fungal suspemby counting the number bf
scapulariscollected in both the fungus-treated and the cbrteated plots after 4
weeks by the drag sampling method. Spray treatmehtel. anisopliaeand B.
bassianato R. decoloratuKoch on cattle induced tick mortality and resuliada
significant reduction in egg viability (egg hatclhid). In the control group, egg
viability was 98% compared with 30% and 50%BinbassianaandM. anisopliae
treated groups, respectively (Kaaya and Hassam))2@® another study conducted
by Alonso-Diazet al. (2007), R. micropluspopulation on naturally-infested cattle
was significantly reduced following multiple apg@itons of an aqueous suspension
of M. anisopliaetitrated at 18 conidia mf* compared to the control on days 0, 1, 2,

3, 5, 7 and 14 post-treatment.
2.6.4.5.4Abiotic factor affecting the efficacy of entomopatiogenic fungi

Several climatic factors may influence the infeityivof entomopathogenic fungi for
tick. These factors include temperature, humiditgt aolar radiation. Temperature is
one of the principal factors affecting the effeetiess of entomopathogenic fungi. It
not only regulates the physiology of the fungus srsect, but also the ability of the
fungus to infect the host. It also affects the pesgion of disease and the time of
death (Ingliset al, 2001). In general, optimum temperatures for gkemination,

growth, sporulation and virulence of the entomopgénic mitosporic fungi range
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between 20 and 38C (Hall and Papierock, 1982). High humidity is esis for
spores of entomopathogenic fungi to germinate, fpatgethe cuticle and sporulate
on cadavers (Ingliet al, 2001). However, Farguex al. (1997) reported that.
anisopliaevar. acridumcan infect Desert locust at relative humidity as las 13%
and the fungus can even produce spores within easlaunder dry weather
conditions. Solar radiation constitutes one of thest important factors affecting
propagules persistence in the environment. Corafliantomopathogenic fungi are
susceptible to solar radiation, especially ultraleti radiation (Ingliset al, 2001).
For instance, exposure of conidia formulated irfail2 hours to radiation below 320
nm reduced germination from 99.0% to 37.5% afteulation for 48 hours (Moore
et al, 1993). However, in spite of the detrimental effeof ultra-violet radiation,
light has been reported to stimulate mycelial glgwihtensity of sporulation and
germination of spores d@. bassianaBenz, 1987). Tang and Hou (2001) reported
that the virulence oNomurearileyi Farlow against the larval stage laélicoverpa
armigera Hub was higher when incubated under full (24 hpargd half-light (12

hours) than under full darkness.

2.6.4.5.5 Biotic factor affecting the efficacy ofr@gomopathogenic fungi

The characteristics that are needed before an epaimogenic fungus can be
considered as potential microbial pesticide inclugigh virulence, rapid mode of
action, a broad host range, stability in culture atorage, amenability to submerge
fermentation, amenability to quantitative bioassayl safety to workers (McCoy,

1990). Although these characteristics vary withfeddént types of pathogens,
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virulence and pathogenicity are essential elementthe selection of a suitable
candidate for microbial control (Tanada and Fux@87). The susceptibility of
arthropods to entomopathogenic fungi can be inftedrby different factors such as
developmental stages of the host (Tanada and A®8&Y,; Ingliset al, 2001). For
example, Kirklandet al. (2004) reported thaf.. manculatumand A. americanum
nymphs are more susceptible to conidia and blastespfB. bassianaand conidia

of M. anisopliaegthan adults.

2.7 Calpurnia aurea (Aiton) Benth

C. aureais a member of the subfamily Papilionoideae of Hemily Fabaceae
(Coates Palgrave, 1983). It is a small, multi-stedrree, 3—4 m tall, widespread in
bushland and grassland areas in sub-Saharan Ainddndia. In southern Ethiopia,
it is called cheka by the Borana people. It ismfieund in overgrazed areas and is
easily cultivated (Germishuizen and Meyer, 2003pl8gn 1993). The leaflets are
oblong 2.5-5 cm long with a lopsided base and aded or notched apex. They are
a fresh light green, graceful and droopidy.aureais the most widespread of the

genus.

Extracts ofC. aureahave been used in South Africa to treat maggeisieidd wounds
(Watt and Breyer-Brandwijk, 1962) and in Ethiopiatteat scabies (Jansen, 1981).
In western Ethiopia, the juice of crushed leaved bark is used for tick control
(Regassa, 2000). The Borana people of northern &ang southern Ethiopia soak
leaves ofC. aureain cold water to treat lice infestations in humansl calves (Heine
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and Brenzinger, 1988) and to control ticks on eatifhe plant is also used in
Ethiopia to treat stomach disorders, amoebic dgsgrdind eye diseases (Abate,
1989). In south-western Ethiopia, the leaveofurea(Plate 2.3) are mixed with
other plant species, crushed and squeezed to abjaine, which is applied through
the auricular route to treat earache in humansggén and Yewhalaw, 2007). The
plant is also used to treat rheumatism (Yinegeral, 2008). Antibacterial and
antioxidant activity ofC. aureahave been reported (Adedapbal, 2008; Tadegt
al., 2005). It has also been used as a natural mkstm improve grain storage (Blum

and Bekele, 2002).

The main active compounds 6f aureaknown to date are the alkaloddlpurmenin
and its 13a-(20- pyrrolecarboxylic acid) ester (veret al, 1979, Van Wyket al
1991). The alkaloids virgiline and lupanine, aslveasl their carboxylic esters, have

also been recorded (Van Wgkal, 1991).

Plate 2. 3 Fresh leaves and flowers ofalpurnia aurea (Nana, 2009)
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Plants are important to most terrestrial arthropadtsl this may apply even to those
whose major habitat is not vegetation. Ticks denrates this; newly hatched larvae
move up vegetation to assist contact with a passiaghmalian host. This tick

behaviour can be exploited with success for offthsEmmiochemical-assisted tick

control strategy (Sonenshine, 2006).
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CHAPTER THREE
3.0 GENERAL MATERIALS AND METHODS
3.1 Study area
Laboratory work was undertaken in the ArthropodhBltgy Unit (APU) and
Behavioral and Chemical Ecology Department (BCED)GIPE. Semi-field plot

experiments were also undertaken at ICIPE’s Heatlepga Duduville, Nairobi.

3.2 Plant material
Dry powder ofC. aurealeaves (Plate 3.1) was obtained from the Depaitroén
Paraclinical Science, Phytomedicine Unit, Univgrof Pretoria, South Africa, in

2007.

Plate 3. 1 Dry powder of C. aurea leaves (Nana, 2009)
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3.3 Preparation of extracts

Aqueous extract was prepared by infused of leafdasvw100 g) in 100 ml distilled
water maintained at room temperature (23-29 for 24 hr. For oil extract, leaf
powder (100 g) was soaked in 100 ml of corn oilg#d”) all maintained in a warm
water bath at 40° C for 2 hr. The mixture was lafdtered and different
concentrations; 12.5, 25, 50 and 100 mg/ml wergarerl by serial dilution in
distilled water. Acetone extract was prepared bygeration leaf powder (100 g) in
acetone (1:2 w/v) for 6-8 hrs at room temperatlilee extract was evaporated to
dryness in vacuo and stored 8tG4 The dried extract (1 g) was re-suspended in 10
ml of a mixture of acetone, Tween 80, distilled evah a ratio of 1:2:7 respectively
and the above concentrations prepared by doubletiatii An emulsifiable
formulation of the plant extract was used for tieddf experiment. The dry powder
(100 g) of C. aureawas macerated in 500 ml of corn oil (Eliaft@nd 100 ml
distilled water for 6 hours and then placed in dgewdath at 40° C for 2 hrs. The
mixture was later filtered and the different cortcations (12.5, 25, 50 and 100

mg/ml) were obtained by serial dilution with soltan
3.4 Preparation of dichlorometane extract ofC. aurea

Seventy grams of the plant powder were soaked8ih & 95% acetone for 3 days at
room temperature (26 +°2C). It was later filtered and the organic filtrate
concentrated under reduced pressure in a rotooeatap at 50C, to yield 5.6 g of

crude organic extract (8%). 4.6 g of this extraesveuspended in 500 ml distilled

water and extracted by constant shaking with 50098%0 dichloromethane in a
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separation flask. Both organic and aqueous extnaete concentrated using rotor
evaporator at 556 and 72 mbar, respectively. Aetdithloromethane and aqueous

extracts were used to perform a comparative thyi@rlahromatography.

3.4.1 Preparation of the fractions ofC. aurea

Two grams of the organic extract were subjectedflash chromatographic
fractionation on a silica gel column eluted withxaee followed by gradient
mixtures of hexane-ethyl acetate. Several fractabained were combined based on

the comparison of their RF values (Sigma silicapgetoated TLC plates).

3.5 Tick rearing

Engorged females oR. appendiculatusand R. pulchellusticks used to start the
colony originated from cattle from the Marsabita@ Kenya in 2006. Ticks were
reared at the Animal Rearing and Quarantine UniC&PE. All life stages of the tick
were fed on New Zealand white rabbits. The differastars were maintained in
Perspex chambers at 26 2@ and 85 + 5% RH under 12:12 L : D photoperiod.

Three to four-week old unfed adults were used i study.

3.6 Fungus

Metarhizium anisopliaagsolate ICIPE 07 used in this study was obtainedhfthe
ICIPE’s Arthropod Germplasm Centre. The strain vugdated from an engorged
female A. variegatumcollected from Rusinga Island, Kenya in 1996 andsw

previously reported to be virulent agaifRstappendiculatu@Kaayaet al.,1996). The
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fungus was stored under mineral oil before beingdum the experiment. The
virulence of the isolated fungus was restored bgsaging twice through aduR.

appendiculatus

3.6.1 Fungal culture

Blastospores were cultured in liquid medium conteajrglucose (30 g/l), peptone (10
g/l) and yeast extract (30 g/l) in a 250 ml Erlegmreflask maintained in a shaker at
100 rpm and 26 +°Z for 3 days (Plate 3.4) and conidia were massumed using
rice as a substrate (Milner R.J., unpubl.). Glucgsptone and yeast extracts were
obtained from Sigma. The contents of the flaskenaurtoclaved for 30 minutes at
121°C and allowed to cool before inoculation witte tconidia. Two kilograms of
rice per plastic bag was autoclaved for 1 h at 121transferred to polyethylene
autoclavable bags and inoculated with the 3-daycalture of blastospores (50 ml).
The blastospores suspension was thoroughly mixel the rice to distribute the
inoculum throughout the substrate and incubateddsst 26 and 30C and 60—75%
R.H. for 21 days. The polyethylene bag was themegeand the culture was allowed
to dry for 5 days at room temperature to approxatyal0-15% moisture content
(Plate 3.5 and 3.6). Conidia were harvested bingifthe substrate through a sieve
(295 um mesh size) and approximately 200 g of spores pvaduced per bag.
Conidia were then put into glass container witkicailgel to dry. Dry conidia were

stored in a refrigerator (4—6°C) for at most 1 wpakr to use.
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Plate 3. 2: Starter cultures ofM. anisopliae in orbital shaker incubator (Ouna,

2009)

Plate 3. 3: Mass production oM. anisopliae on rice substrate in Milner bags

(Ouna, 2009)
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Plate 3. 4 Mass produced conidia oM. anisopliae in plastic basin undergoing

drying at room temperature (Ouna, 2009)

3.6.2 Preparation of conidial suspensions

Conidia were harvested from 3 week-old culturegsaty scrapping the surface of
the plate using a sterile spatula. Spores wereesdgal in 20 ml sterile 0.05% Triton
X-100 water solution in universal bottles contagh® mm glass beads. Bottles were
then vortexed for 5 min to produce a homogenousdansuspension. Conidial
concentration was determined by using a haemocytsmand the desired
concentration was obtained by serial dilutions.biliey of conidia was determined
before every bioassay by spread-plating 0.1 mboidial suspension (titrated to 3 x
10° conidia.mf") on SDA plates. A sterile cover slip was placedeach plate and
incubated at 26 + ZC. The percentage of germination was determineut &fi hours
from 100 - spore count on each plate, using a comgomicroscope at 40x

magnification.
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CHAPTER FOUR

4.0 RESPONSE OF ADULTRHIPICEPHALUS APPENDICULATUS AND
RHIPICEPHALUS PULCHELLUS (ACARI: IXODIDAE) TICKS TO
EXTRACTS OF CALPURNIA AUREA (FABACEAE)
4.1 Introduction
Rhipicephalus appendiculatutNeumann, 1901 andRhipicephalus pulchellus
Gerstaaker, 1873 (Acari: Ixodidae) are blood suglirthropods endemic to tropical
and sub-tropical regions. They feed on a variethasdts including cattle, sheep and
goat, and transmit theileriosis caused by the ga@nTheileria parvaTheiler, 1911
(Billiouw et al, 2002). The disease is fatal in cattle and hashbeported in 11
countries in eastern, central and southern Afridaryal et al, 1992). Estimated
direct economic loss associated with theileriosienormous with 1.1 million cattle

deaths due to the disease annually (Mukhebi, 1992).

Existing methods of tick control rely heavily onechical acaricides and repellents.
Although they have been effective in suppressiol populations and incidences of
tick-borne diseases, their main disadvantages bagr the high costs relative to the
value of cattle and cattle products, and the dgweémt of tick resistance to various
ranges of acaricides (Marties$ al., 1995; George, 2000). This has prompted a search
for alternative methods of tick control that canused alone or in combination with
other tick control methods in an integrated ticknagement strategy (Jongejan,

1998). These include the use of predators (Samisti Alekseev, 2001),
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entomopathogenic nematodes (Reis-Merehial, 2008), and entomopathogenic

fungi (Kaaya and Hassan, 2000; Maraegal., 2006; Manianiat al, 2007).

The potential of pheromone-mediated tactics for tt@ntrol of ticks was
demonstrated by Norvadt al. (1989a) who used a crude extract Athblyomma
hebraeumKoch, 1844 male-produced attraction-aggregatitechment pheromone
(AAAP). A device treated with conidia of the entgmathogenic fungi and baited
with AAAP and carbon dioxide for infection of ticke vegetation was tested by
Marangaet al. (2006) and Nchwet al (2009). Recently, Nchet al (2010)
demonstrated the potential of Metarhizium anisopliae (Metsch.) Sorokin
(Hypocreales: Clavicipitaceae)-treated pheromonitba traps in reducing

Amblyomma variegatumabriscius populations in the field.

A number of plants extracts have been reportedtti@ca ticks of the genera
Rhipicephalusand could be used as substitutes to AAAP in a éetadnfect ticks
with entomopathogenic fungi These include Acalypha fruticosa Forssk
(Euphorbiaceae)lpomoea spathulatddallier (Convolvulaceag)Solanum incanum
Linnaeus (Solanaceae) (Hassdral, 1994) andCalpurnia aureaBenth(Zorloni et
al., 2010). The latter is also used for tick contimlwestern Ethiopia (Regassa,
2000). Calpurnia aureais a small tree occurring widely all over Africacainto
India. Adedapcet al (2008) lists many uses of extracts or sap agaihstents in

man and animals.
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In the present study, we investigate the attractbrR. appendiculatusand R.
pulchellusadults to different extracts of the leave<ofaureain order to use them in
a baited-trap treated with entomopathogenic furmgyi dutodissemination of the

pathogen.

4.2 Materials and methods

4.2.1 Plant material

Calpurnia aurealeaves were collected in September 2007 in thevietdvNational

Botanical Garden in Nelspruit, South Africa. Theugber specimens of the tree are
available in the Botanical Garden herbarium. Leawese dried in the shade and
ground to a fine powder with a McSalib mill. Thewder was stored in a closed

glass container in the dark.

4.2.2 Preparation of extracts

Agueous extract

The leaf powder (100 g) was soaked for infusionl@® ml distilled water and
maintained at room temperature (23-26 °C) for 24Tie mixture was filtered and
different concentrations; 12.5, 25, 50 and 100 nhg/are prepared by serial dilution

in distilled water.
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Acetone extract

The leaf powder (100 g) was extracted with 200 frdaetone (1:2 w/v) for 6-8 hrs.
The extract was evaporated to dryness in vacucstmdd at 4C. The dried extract

(1 g) was re-suspended in 10 ml of a mixture of@we Tween 80, distilled water in
a ratio of 1:2:7 respectively. Different concetitias; 12.5, 25, 50 and 100 mg/ml

were prepared by serial dilution in distilled water
Oil extract

The leaf powder (100 g) was extracted in 100 ndash oil (Eliant&) all maintained
in a warm water bath at 40 °C for 2 hr. The mixtwas filtered and the same

concentrations as for the aqueous extract wereapedy dilution with corn oil.

Emulsifiable formulation

An emulsifiable formulation of the plant extract svased for the field experiment.
The dry powder (100 g) dE. aureawas soaked in 500 ml of corn oil (Eliafij@nd

500 ml distilled water for 6 hours and then placed water bath at 40° C for 2 hrs.
The mixture was later filtered and the differenhcentrations (12.5, 25, 50 and 100

mg/ml) were obtained by serial dilution with veleicl
4.2.3 Pheromone

Attraction-aggregation-attachment-pheromone (AAAR) included bioassays as a
check. The pheromone was prepared by mixing 0.2hugtho-nitrophenol, 0.1 mg

of methyl salicylate and 0.8 mg of nonanoic acidsf§ were carried out using a
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pheromone concentration of 0.02 mg/ml which sigatfitly attractsA. variegatum
(Nchuetal., 2009). The synthetic compounds used to prep&&PAwere obtained

from Sigma—Aldrich Chemie GmbH, Steinheim, Germany.

4.2.4 Ticks

Two- to three- month-old unfe®. appendiculatusaand R. pulchellusticks were
obtained from the Rearing and Quarantine WhitCIPE. They were kept in glass
vials covered with cotton wool and placed in aluionim tins and maintained at 75%

relative humidity and 26 + 2 °C temperature.

4.2.5 Bioassays

4.2.5.1 Inverted glass tube assay

The device was a modification of bioassay previpwsgscribed by Lwandet al,

1999 to evaluate tick repellency. Two test tubexs ¢t long and 1.5 cm diameter)
were mounted (with the open end at the bottomy @amoden stem and fixed on 8 x
8 cm platform made of polystyrene (Plate 4.1). pletform was placed inside a
plastic lunch box (20 x 10 x 8 cm) surrounded byew#o prevent ticks to escape.
Approximately 1.5-cm space was left between the tmad the test tube and the
platform. The two test tubes were placed 6-cm agdm plant extract (0.5 ml) was
applied to a piece of cotton wool using a microfigmeEqual quantity of the solvent
used to make the extract was also applied on thizaidest tube. AAAP at the dose

of 0.02 mg/ml was also tested as a positive canftiicks were introduced in a group
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of 10 (5 males and 5 females) on the platform betwtbe test tubes. Based on their
climbing behaviour, ticks that did not climb af® minutes were considered as “no
choice” and excluded from the experiment. The nunolb¢icks that climbed the test
tubes containing the extract and the controls wereted. After each experiment,
the tubes were washed with running tap water amg,sand subsequently rinsed
with 70% ethanol and dried. Treatment and contrbés were alternated after every
assay by alternating control and test cotton wbodatments were randomized and
the experiment was replicated 10 times. The expm@rinwas conducted in the

laboratory at 23-26 °C and 70 £ 5% RH.

Plate 4. T Experimental arena made up of inverted glass tubg®Nana, 2009)

(1) Glass tube, (2) Stem, (3) water surrounding thdégta (4) Tick on the

plaform
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4.2.5.2 Dual choice T-tube olfactometer assay

This assay was adopted from previous work descilyedchuet al. (2009). Briefly,
two cubicle glass arms (1 ém 10 cm length each) and a stem (£ en® cm length)
were connected tightly using hard glue. The extreme of the arms and stem was
connected to a cubicle glass chamber (3)dRlate 4.2). The chamber of the stem
served as the release point. Air entered each drmmeo olfactometer from the
respective odour source chamber at a flow raterof/8ec. The plant extract (0.5 ml)
and the AAAP (0.5 ml) were applied to 2-tfilter paper using a micropipette. In
the negative control treatments, only solvents vagpglied to the filter paper. One
tick was placed in the release chamber at a tidealawed a maximum of 5 min to
make a choice in the assay chamber. Any tick thideéd to respond was removed
after the maximum allowed period. Twenty ticks (h@les and 10 females) were
assayed for each dose and were used only onceolfdotometer was rinsed with
70% ethanol and dried at 40 °C for 10 min afterhelioassay. The treatment and
control chambers were switched between assays dml gositional bias. All the

assays were conducted in the laboratory at 23-28ntC70 £ 5% RH.
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Plate 4. 2 Dual choice T-Olfactometer (Nana, 2009)

(1) Pipe for air flow, (2) Control side, (3) Entznof the olfactometer (4) Test side

4.2.6 Attraction of ticks to plant extract-baited trap in semi-field plot

experiments with and without CO,

This experiment was carried outieipe’s Headquarters, Duduville, Nairobi, Kenya,
during the month of February 2009 using the prdtatscribed by Nchiet al
(2009). The grass within each plot was cut to gteof about 5 cm. The plot was
marked at | m interval using wooden pegs from #mre up to 5 m. The extract was
placed in a bare 10-cm diameter circle, preparetiecentre of the plot. A 2-ém
rubber sponge impregnated with 1 ml of each dosaraflsifiable formulation of the
plant extract was fixed on the top of each of tberfwooden pegs per trap. The

direction of wind was monitored using a thread ciittal to a wooden stick (I m)
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placed outside the circular plot in a position vehéne wind directed the thread
roughly towards the centre of the plot. For theegkpent with CQ, plastic beakers
with tops opened containing approximately 70 g @fdsCO, were placed in the
centre of the trap to serve as £€burce. Baited-traps with and without C®ere
placed upwind on the chosen sites to allow ticksmtove upwind. Ticks were
released at 1, 2, 3, 4 and 5 m downwind from theuodource at an angle of 90°
midway between the test and control traps. Terst{tilke males and five females)
were used for each distance. Ticks were markedh@n dorsal shell with an artist’s
paint (Rowney Georgian oil colour, London Graphien@e, London, UK) which
had been diluted with linseed oil. Ticks were giedistinct colour spot by painting
them topically depending on the distance from thep.t The experiment was
replicated three times and was carried out in tbenmg between 0700 h and 1100
h. The temperature above ground during the expeataheeriod ranged between 25

and 29° C (under the sun) and the relative humlaktyveen 50 and 70%.

4.2.7 Statistical analysis

For each test, the total number of ticks respontbngjant extract was pooled across
replicates. The percentage attraction was detednirsing the following formula:
(number of ticks in test - number of ticks in cahi#(number of ticks in control +
number of ticks in test) x 100. The McNemar chi@gutest for the significance of
change in frequencies between control and testauies was used (Sokal and Rohlf,
1981). Since there were no significant differencesesponse between male and

female ticks, data for the two sexes were poolegetteer. For semi- field plot
47



experiments, the total numbers of ticks respontiinglant extract was pooled across
replicates and then analysed using ANOVA. Mean redjom was carried out using
Student-Newman-Keuls test. Ticks that did not respavere excluded from the

analysis.
4.3 Results

4.3.1 Attraction of R. appendiculatus and R. pulchellusin inverted glass tubes

assay

In the inverted glass tube assay, both sexdR.appendiculatusvere attracted to
different formulations ofC. aureaextracts and the AAAP used as a positive control
(Table 4.1). The highest attraction values wereaiokd with the oil extracat
concentrations of 50 mg/mk{ = 19.6; df = 1; P = 0.0% and 100 mg/mIX? = 40.8;

df = 1; P = 0.0, aqueous extract at a concentration of 25 mgkhk(8.9; df = 1;

P = 0.05, acetone extract at the concentrations of 25 = 5.1; df = 1; P =
0.05 and 50 mg/miX?=5.1; df = 1; P = 0.05, and AAAP §*=6.4;df = 1; P =
0.05. At lower concentrations of oil extraBt appendiculatusvas repelled. WithR.
pulchellus there was no evidence of repellency in any of élk&racts with this
bioassay. The concentration of 100mg/ml signifita(X® = 12.6; df = 1; P = 0.05
attracted 38.1% oR. pulchellusin the case of the two other extracts there was a

variable dose related reaction (Table 4.2).
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4.3.2 Attraction of R. pulchéellusin the dual choice T-tube olfactometer

Rhipicephalus appendiculattigks did not exhibit any response to the odowrse

in the dual choice T-tube olfactometer assay anckweerefore excluded in this
experiment. With exception to the acetone extratheconcentration of 12.5 mg/ml
which was repulsive, both sexes &. pulchelluswere attracted to all the
concentrations of the three formulations@faureaextract and the AAAP (Table
4.3). Oil extract at the concentration of 100 mg(fl= 23.1; df = 1; P = 0.0} and

aqueous extract at 25 mg/md*(= 19.0; df = 1; P = 0.0} were the most attractive

(Table 4.3).
4.3.3 Attraction of adult ticks to plant extract-bated trap in semi-field plots
4.3.3.1Rhipicephalus pulchellus

The response dR. pulchellusadult ticks to the plant extract varied with thesd and
distance of release, in the absence or presendgOpf(Table 4.4). Significant
number ofR. pulchellugicks were attracted from 1 m distance than from &t all
the doses tested. For example at the concentrattib®.5 mg/ml without CQ 34.4%

of ticks were attracted from 1 m while no singlktivas attracted from a distance of
5 m at the same concentration (Table 4.4). At aeotnation of 100 mg/ml in the
absence of Cg 52.2% and 14.4% of ticks were attracted from H &n m,
respectively (Table 4.4). A similar trend in ticksponse was observed when,CO
was added to the baited-trap, but there was afgignt increase in the number of
ticks attracted to the trap compared with respoonsésined with no C@added. For
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example at 100 mg/ml, 1.2 and 3 times increaseknattraction was recorded from

1 and 5 m, respectively (Table 4.4).
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Table 4. I Percent relative attraction of adult R. appendiculatus (pooled data

over replicates) to C. aurea extracts and AAA pheromone in inverted glass

bioassays
Substances (mg/ml) Nof ticks attracted

N Control Test % relative attractioh
Agueous extract
12.5 100 28 24 -1.7
25 100 30 58 31.8*
50 100 36 32 -5.9
100 100 40 56 16.6
Oil extract
12.5 100 28 20 -16.7
25 100 46 34 -15.0
50 100 24 66 46.7*
100 100 16 78 65.9**
Acetone extract
12.5 100 32 34 3.0
25 100 30 52 26.8*
50 100 36 56 19.1*
100 100 44 44 0
AAAP
0.02 100 24 68 47.8*

?Relative attraction= (number of ticks attracteddst - number of ticks attracted to
control)/Total x 100. The McNemar chi-square testthe significance of change in
frequencies between control and test substanceisess

" represents significance at P < 0.05gpresents significance at P < 0.01.
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Table 4. 2 Percent relative attraction of adultR. pulchellus (pooled data over

replicates) toC. aurea extracts and AAA pheromone in inverted glass bioasys

Substances (mg/ml) Nof ticks attracted

N Control Test % relative attractioh
Agueous extract
12.5 100 22 30 154
25 100 30 36 9.1
50 100 36 48 14.3
100 100 38 50 13.7
Oil extract
12.5 100 36 38 2.7
25 100 34 40 8.1
50 100 30 42 16.7
100 100 26 58 38.1*
Acetone extract
12.5 100 30 36 9.1
25 100 36 48 16.2
50 100 40 44 4.8
100 100 34 44 12.8
AAAP
0.02 100 24 62 44.2*

?Relative attraction= (number of ticks attracteddst - number of ticks attracted to
control)/Total x 100. The McNemar chi-square testthe significance of change in
frequencies between control and test substanceisess

" represents significance at P < 0.05
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Table 4. 3 Percent relative attraction of adult R. pulchellus (pooled data over

replicates) to C. aurea extracts and AAA pheromone in T-tube olfactometer

bioassay
Substances (mg/ml) Nof ticks attracted

N Control Test % relative attractioh
Agueous extract
12.5 100 24 46 20.0*
25 100 20 52 44.4**
50 100 24 54 38.5*
100 100 36 56 22.2*
Oil extract
12.5 100 32 42 13.4
25 100 26 50 31.6*
50 100 28 56 34.1*
100 100 20 64 52.4**
Acetone extract
12.5 100 32 30 -3.2
25 100 38 46 9.5
50 100 42 42 0.0
100 100 34 40 8.1
AAAP
0.02 100 28 70 34.9*

?Relative attraction= (number of ticks attracteddst - number of ticks attracted to
control)/Total x 100. The McNemar chi-square testthe significance of change in
frequencies between control and test substanceisess

" represents significance at P < 0.05gpresents significance at P < 0.01.
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4.3.3.2Rhipicephalus appendiculatus

The percentages of aduR. appendiculatusattracted to the plant extract are
summarized in Table 4.5. As wiR. pulchellusthe attraction oR. appendiculatus
adults varied with dose and distance of releaseeNoks were attracted from 1 m
distance than from 5 m at all the doses tested.2/8 mg/ml of extract without GO
23.3% of ticks were attracted at 1 m compared 2802from 5 m distance. At 100
mg/ml in the absence of G(65.5% and 27.8% of ticks were attracted from d an
m, respectively (Table 4.5). On the other hand,texdof CO, to the plant extract

baited-trap significantly increased the attracimoall the treatments (Table 4.5).

4.4 Discussion

Both R. pulchellusandR. appendiculatuadults were attracted to extracts fr@n
aureain the inverted glass tube bioassay, which isdcoedance to their climbing
behaviour. In naturéRhipicephalugicks must climb onto an appropriate object such
as grass or weeds where they can encounter a Hostever, in the T-tube
olfactometer assay, onR. pulchellusvas attracted to the plant extracts, but Rot
appendiculatusThere is no clear explanation to this differdniti@haviour between
the two tick species. It was however observed Biapulchellusticks were more
active thanR. appendiculatusin the inverted glass tube bioassaRs,pulchellus
often clumped on top of the stem, suggesting a typaggregation behaviour.

Similar observations were made by Browning (1978gmv comparing aggregation

54



behaviour ofR. pulchellusand R. appendiculatuon grass stems in the field in

Kenya.

The role of plants in integrated tick control haeib the focus of attention in the last
two decades (Kaaya, 2000; Wanzaial, 2005;Abduz Zahiret al, 2009 Zorloni et
al., 2010). Some plants have strong acaricidal anefoellent properties (Kaayat
al., 1995; Mwangiet al, 1995; Zorloniet al, 2010), while others elicit attraction in
some tick species (Hassahal, 1994; Zorloniet al, 2010). Plants produce several
compounds including secondary metabolites in véiaoncentrations in different
plant parts, the primary role of which is chemidafence to arthropods (Chadwick
and Marsh, 1990). Because ticks do not attack gldahe effect of plant extracts on
ticks does not have an ecological basis. Sinceethegabolites vary in polarity, their
solubility in different solvents will also vary; hee the use of different solvents
(distilled water, acetone and oil) to extract thesenponents for screening in the
bioassays. Water was used to evaluate the traditisse of the plant, acetone was
used because it is the best extractant for antiiial compounds in plants (Eloff,
1998), and oil was used because volatile compoarelssually non-polar and would

be extracted by the oil.
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Table 4. 4. Attraction of adult Rhipicephalus pulchellus (pooled data for males and females) to differentoncentrations of

Calpurnia aurea in semi-field plot experiments in absence (-) angresence (+) of CQ

Distance Mean percentage (X £ ESM) tick attraction
(m)
12.5 mg/mi 25 mg/ml 50 mg/ml 100 mg/ml
- CO, + CO, -CO, + CO, -CO, + CO, -CO, + CO,
1 34.4+22cA | 34.4+4.0cA 35.5+7.8dAB  52.2 2§CE 44.4+4,0dBC | 57.8 +2.2cDE 52.2 +6.2cE &1611bE
2 14.4 + 4.8bA | 32.2+4.0cB 25.5+ 4.8dB 40.0 Hi€8 27.8 +6.2cB 47.7 +6.1aD 36.7 + 7.7bBQ 57.88aD
3 7.8 £ 2.9bA 22.2 +4.0bBC 15.5+£2.9cB 34.4 +5hD 28.9 +5.9cCD 43.3 + 6.9aDE 34.4 +8.0bD 54611aE
4 1.1 +1.1aA 24.4 +2.2bD 55+1.1bB 27.8+4.4aD | 14.4+2.2bC 42.2 + 4.0aE 20.0 +3.3aD 47.8+4B.5
5 0.0 £ 0.0aA 12.2 + 6.7aB 1.1 +1.1aA 24.4+4.0aD | 8.9+1.1aB 37.8+5.6aE 14.4 + 2.9aC 44.4 + 9.7aH

Means (X = ESM) within column followed by the sanesvercase letter and within row bearing the sampeugase letter are not

significantly different by Student-Newman-Keul'stéP = 0.05).
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Table 4. 5: Attraction of adult Rhipicephalus appendiculatus (pooled data for males and females) to differentancentrations of

Calpurnia aurea in semi-field plot experiments in absence (-) angresence (+) of CQ

Distance Mean percentage (X = ESM) tick attraction
(m)
12.5 mg/mi 25 mg/ml 50 mg/ml 100 mg/ml
-CO, + CO, -CO, + CO, - CO, + CO, - CO, + CO,
1 23.3+3.8CA| 27.7£2.9cA 222+ 1.1cA]  41.1+cBO 37.8 +4.8dB 48.9 + 6.2bcB 44.4+11cB  55.52cC
2 7.9+1.1bA | 26.6+1.9bcB 13.3+5.1bA  36.6 HRC 24.4+29bcD | 51.1+29bcC 34.4+7.3b¢C  4750bcD
3 3.3+£1.9aA 26.7 £ 7.0abcD 8.9+ 1.1bA 36.7 th6H 18.9 + 2.2abE 41.1 +8.9bC 28.9 £ 2.2bD 45468bE
4 22+1.1aA | 22.2+11.2abcBC 4.4 +1.1aA 25.6286BC | 5.6 +2.9aA 26.7 £+ 9.6aBC 14.4+22aB  3333BabC
5 22+22aA | 11.1+2.9aB 3.3+2.0aA 20.0+6QaB | 7.8 +1.1aA 26.7 £6.7aC 122+22aB 27.8+Q09a

Means (X = ESM) within-column followed by the sarwsvercase letter and within

significantly different by Student-Newman-Keul'stgP < 0.05).
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In the present studyR. appendiculatuadults were significantly attracted to aqueous
extract at the dose of 25 mg/ml and acetone exattaitte doses of 25 and 50 mg/ml
in glass tube assay, whikR. pulchelluswere significantly attracted to oil extract at
the concentration of 100 mg/ml. There was howeve@leerease in attractancy at
higher concentrations (50 and 100 mg/ml) of theeags and acetone extracts.
Topical application of acetone and aqueous extifagis C. aureaat 10% and 20%
concentration resulted in 100 and 50% mortalitiésRo pulchellusadult ticks
(Zorloni et al, 2010). These concentrations correspond to #1528 mg/ml used in
our study, but interestingly, no mortality was atvee in the treated ticks. This could
be explained by dissimilarity in the method of aggion. In topical application, the
plant extract permeates through the cuticle artdafplant extract content has toxic
compounds, it might lead to the death of the twhile in our case ticks were tested
for their sensory perception/response to attrastamthe extracts. There was a dose
related response between the concentration of ithexiwacts and the attraction for
both tick species. Although no attempts were madehis study to identify the
compound(s) responsible for attraction at this lle@e aureacontains considerable
amounts of phenolic compounds (Adedapal, 2008), which are believed to play a
key role in the attraction behaviour of over 12 g of ixodid ticks includingdR.
appendiculatusandR. pulchellugWoodet al, 1975; Mcdowell and Wallade, 1986;

Yoder and Stevens, 2000).

The relative attraction of 52.4% and 65.9%, respelst, of R. pulchellusand R.
appendiculatuspbserved at the concentration of 100 mg/ml of wtract was not

58



significantly different from the one obtained wARAP at optimal dose of attraction
(0.02 mg/ml) reported foA. variegatum(Nchu et al, 2009). It might therefore be
conceivable to use high concentrations of plantagks ofC. aureaas substitutes to
AAAP to attract and infecR. pulchellusand R. appendiculatusdult ticks in the
auto-dissemination approach (Nclai al., 2009; 2010). In the semi-field plot
experiments, there was a dose related attractiobotii tick species at all the
distances from the odour source. In all cases,ptiesence of C@significantly
increased the number of ticks attracted over the dbservation period. Carbon
dioxide has been reported to stimulate certain $jpfcies such a&. variegatunto

move,sometimes towards the source (Nomihl, 1989b; Marangat al, 2003).

The extracts oC. aurealeaves did not perform as well as AAAP in attnagtticks

in the in vitro studies at the same dose level. AAAP at the ddse.G2 mg/ml
showed attraction to both species of ticks andntbet effective dose with the plant
extract was 100 mg/ml oil extract. This dose cduddfurther optimized by varying
the formulation. In the semi-field plot experimesaureasuspensions work well
and they could be used as a cheap way of conmotitks because the cost of
preparing the plant extract is affordable in rigaltings. However, there might also
be the need to screen for more potent plant estr&air instance, Hassaat al
(1994) observed natural attraction of ticks to lteves ofAcalypha fruticosaorsk.
var.villosa Hutch and laboratory bioassays were able to detradaghe attraction of
ticks to the odour from the plant. Ethno-veterindeads could be valuable in
selecting species to be screened. Zorloni (2008)uated the activity of 28 plant
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species used to control ticks on animals in sontk#hiopia and in most cases there
were good activitiesCalpurnia aureawas one of the most interesting species. It is
pleasing that similar activities were found@ aureacollected from Ethiopia and

South Africa growing under widely different enviraental conditions.

Tick control using only acaricides is costly foethesource-poor African farmer. As
such, application of fungi in combination with aktiattractant (pheromone or
kairomone) seems to be a promising low-cost alterdhat can be used by such
farmers to control ticks (Nchet al, 2009, 2010). A low quantity of inoculum is

required and treatments could be applied in spatyspnstead of total cover.

The present study has provided evidence of attractif R. pulchellusand R.

appendiculatusto C. aurealeaf extracts, thereby the prospects of using tlem
combination with entomopathogenic fungi in a trgptem for auto-dissemination of
fungal conidia in the field. Safety of this plaor fthe environment makes it an ideal
component of integrated pest management systenandlat al, 2003). Future

research will concentrate on the screening for npotent plant extracts attractive to
ticks, and identification and compatibility studie$ active components with

entomopathogenic fungi.
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CHAPTER FIVE
5.0 COMPATIBILITY BETWEEN THE ENTOMOPATHOGENIC FUNG US
METARHIZIUM ANISOPLIAE AND CALPURNIA AUREA LEAF EXTRACTS
AND THEIR COMBINED EFFECTS AGAINST RHIPICEPHALUS

APPENDICULATUS

5.1 Introduction

Rhipicephalus appendiculati¢éeumann, 1901 (Acari: Ixodidae) is a serious pest
livestock production. It is one of the world's mestlely distributed and damaging
tick. It transmits a wide range of devastating, refatal diseases of livestock
including East cost fever, Corridor disease, arwlldghosis (Razmiet al., 2003).
These diseases cause high mortality and morbiditg, are considered to be an
important constraint to the improvement of the dieek industry in Africa (Zahid

Igbal et al, 2006).

Current tick control methods are still heavily degent on the use of synthetic
acaricides and repellents but several problemstwhave been generated by these
chemicals including resistance in tick populatigBeugnet and Chardonnet, 1995;
Jacobsoret al,. 1999; Dagli and Tunc, 2001), safety risks for hammand domestic
animals, contamination of ground water and effeftmon-target organisms, have
prompted interest in the development of more emvirentally friendly alternative
strategies such as biological control based theonsentomopathogenic fungi (Inglis

et al.,2001; Fenget al, 2004; Faria and Wraight, 2007; Ncéual, 2010).
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A new approach whereby ticks are attracted to semeimicals such as attraction-
aggregation-attachment pheromone (AAAP) and inteatéth entomopathogenic
fungi is also being investigated (Maranggal, 2006; Nchuet al, 2009; 2010).
Recently, Nchiet al. (2010) demonstrated reductionAfvariegatunpopulations in

the field by infecting them witM. anisopliaeapplied in semiochemical-baited traps.

A number of plants have been reported to be aittedb ticks of the genera
Rhipicephalusand these could be used as substitute to AAARey include
Acalypha fruticosa Forssk (Euphorbiaceag) Ipomoea spathulata Hallier
(Convolvulaceag) Solanum incanunkinnaeus (Solanaceae) (Hassetnal, 1994)

andCalpurnia aureaBenth (Fabacea¢Xorloni et al, 2010).

In a system where entomopathogenic fungus is usedmbination with chemicals
or ethno-veterinary plant extracts, it is of paramoimportance to study the
compatibility between the two agents (Hirageal, 2001). Some plant extracts have
been reported to affect negatively entomopathogémgi and subsequently the
control of the pest (Duartet al, 1992; Malo, 1993). For instance, seed aqueous
extract fromAzadirachta indica(Meliaceae) commonly known as neem have been
reported to reduce conidial vegetative growth aratipction, but did not affect the
viability of sporegRogerioet al, 2005). The present study was therefore initiébed
evaluatein vitro the compatibility of the funguM. anisopliaeand C. aurea leaf
extract, and AAAP. | also evaluated the virulen€évio anisopliaeagainst different
developmental stages (larvae, nymphs and adultsR.ofappendiculatuswhen

formulated in emulsifiable extract @f. aurea
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5.2 Materials and methods

5.2.1 Plant material

Calpurnia auredeaves from South Africa was described in chapieection 2.7.

5.2.2 Preparation ofC. aurea emulsifiable formulation

An emulsifiable formulation of the plant extractswased for the field experiment. It

was prepared as described in chapter 3, section 3.3

5.2.3 Preparation of the pheromone
Attraction-aggregation-attachment-pheromone (AAMR)} prepared by mixing 0.2
mg of ortho-nitrophenol, 0.1 mg of methyl saliceand 0.8 mg of nonanoic acid.
Tests were carried out using pheromone at the odratens of 0.005, 0.01 and 0.02
mg/ml. This dose was previously shown to signiftbamttract R. appendiculatus
The synthetic compounds used to prepare AAAP wetaimed from Sigma—Aldrich

Chemie GmbH, Steinheim, Germany.

5.2.4 Fungus

Metarhiziumanisopliaeisolate ICIPE 07 was described in Chapter 3.6.

5.2.5 Tick colony

Different stages (larvae, nymphs and adultsRofappendiculatusicks were used.
They were obtained from theipe’s Animal and Quarantine Rearing Unit. The ticks

were counted in batches of 20. Each batch was pleaed in a vial with a cotton
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wool plug and the ticks were stored in darknes&Idt75% and 25 + 2C until

further use.
5.2.6 Mycelia dry weight assessment

A conidial suspension (0.1 ml of 1 x ®€nidia mi*) was spread plated on SDA
plates. Plates were then incubated &tQ%or three days in order to obtain mycelial
mats (Dimbiet al, 2004). The unsporulated mycelial mats were thgnfrom the
culture plates into round agar plugs using a 4mameier cork borer. Each agar
plug was then transferred singly onto the centra fsesh SDA agar plate of 90-mm
diameter amended with 0%, 1.2%, 2.5%, 5% and 10%aurea emulsifiable
extracts. Agar plug was also transferred singlypdhe centre of a fresh SDA agar
plate of 90-mm diameter amended with AAAP at thecemtrations of 0.005%,
0.01% and 0.02%. Control plates were amended wgpactive solvents (water and
oil). Four replicate Petri dishes were sealed \Wilnafilm and incubated in complete
darkness at 28C for 7 days. After a week, the mycelial mat wasstawith sterile
spatulaplaced in sterile dishes containing filter papdre Tnitial weight of the paper
was recorded. The Petri dishes were kept in hatwan at 50° C for 30 minutes and
the final weight of the fungal mat along with thdtet paper was recorded
immediately. The difference between the final amtial weight was considered as

dry weight of mycelium.
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5.2.7 Radial fungal growth

The unsporulated mycelial mats were cut and traresfesingly onto the centre of a
fresh SDA agar plate of 90-mm diameter amended @4th 1.2%, 2.5%, 5% and
10%C. aureaemulsifiable extracts and SDA agar plate of 90-ciameter amended
with AAAP at the concentrations of 0.005%, 0.01% &102%. Control plates were
amended with respective solvents. Four replicatii eshes were sealed with
Parafilm and incubated upside down in complete mizsk at 25C. Radial growth
was recorded daily for 6 days using two cardinahwiters, through two orthogonal
axes previously drawn on the bottom of each pésh tb serve as a reference (Plate

5.1).

Plate 5. T Radial fungal growth of a pure culture of M. anisopliae (Nana, 2009)
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5.2.8 Spore production assessment

A conidial suspension (0.1 ml of 1 x%dbnidia mI*) was spread plated on a fresh
SDA agar plate of 90-mm diameter amended with 0%80] 2.5%, 5% and 10%.
aurea emulsifiable extracts and SDA agar plate of 90-giameter amended with
AAAP at the concentrations of 0.005%, 0.01% and2®@0 Plates were then
incubated at 28C for seven days. The sporulated mycelial mats wee cut from
the culture plates into round agar plugs using andstrameter cork borer. Each agar
plug was then transferred singly onto the univebsdile containing 10 ml of sterile
distilled water with 0.02% sterile Tween 20. It when vortexed and the conidial
concentration was determined using a Neubauer icmuohamber. This experiment

was replicated four times.
5.2.9 Compatibility Calculations

Compatibility was calculated by using the formutagnsed by Alvegt al. (1998) to
classify chemical products according to their tayito entomopathogenic fungn
vitro. This classification is based on calculations leé fT factor, which relates
vegetative growth (VG) and sporulation values (dmgenesis) (SP) to the control
(%): T = [20 (VG) + 80 (SP))/100. In this model,lvas for mycelia dry weight
(MDW) and sporulation count (SC) are given in relatto the control (100%). “T”
values between 0 and 30 classify products as weig;tfrom 31 to 45 as toxic; from
46 to 60, moderately toxic; and above 60, prodactsconsidered compatible with

the fungus being studied.
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5.2.10Susceptibility of larvae, nymphs and adults stagesf R. appendiculatus to

M. anisopliae formulated in emulsifiable extract of C. aurea

Conidia ofM. anisopliaeisolate ICIPE 07 were harvested from a 3-weekcalture
by scrapping the surface of sporulating cultureni@ia were suspended in sterile
distilled water containing 0.05% Triton X-100 ameddwith 0, 1.25, 2.5, 5 and 10%
of emulsifiable extracts in universal bottles wgdlass beads. The suspension was
vortexed for 5 minutes to produce homogenous cahglispension. The viability of
conidia was then determined by spray-platting Ollofrthe suspension (titrated to
3.0 x 16 conidia mI*) on SDA plates. Plates were incubated at 26 °€ For 18
hours. Sterile microscope cover slip was then place each plate and the
percentage of germination was determined by cogritld0 spores for each plates.
Ten millilitres (10 ml) of standard concentratioh100 x 10 conidia mi* of each
treatment was sprayed on larvae, nymphs and aBultsppendiculatusising the
Burgerjon’s spray tower (Burgerjon, 1956) (INRA,j@i, France). Each treatment
group had two different controls: one received ilgtedistilled water containing
0.05% Triton X-100 only and the other received ikedistilled water containing
0.05% Triton X-100 with 10% emulsifiable extracttout fungus. Twenty ticks
were used for each treatment and the experimentepdisated five times. Tick-tests
were transferred in the vials (1.5 cm x 12 cm) ar@ihtained in an incubator at 25 +
2 °C with 75% RH. Mortality was recorded daily for Héys. Dead ticks were

surface-sterilized with 2.5% sodium hypochlorited af0% alcohol, rinsed twice in
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sterile distilled water, and then placed into 9-drameter Petri dishes lined with

moistened filter paper to allow the growth of fusgan the cadaver.

5.2.11 Data analysis

Analysis of variance (ANOVA procedure of SAS) wased to analyze percentage
germination, radial growth and mortality data (SAStitute, 1990) after arcsine
transformation to normalize the data. Percentageatity (at 14 day post-treatment)
was also adjusted for natural mortality in contraing Abbott (1925) formula

before analysis and was then analyzed using two-avalysis of variance for a
completely randomized design. Tukey test was usegddst hoc analysis. A value of

P < 0.05 was considered significant.

5.3 Results

5.3.1 Compatibility of emulsifiable extract of C. aurea and AAAP with M.

anisopliae

Compared to the control, emulsifiable formulatidrtlee extract ofC. aureadid not
affect the vegetative growth, conidial yield, dryeight and viability of theM.

anisopliaeat all the concentrations (Tables 5.1 and 5.3).tlienhand, AAAP had
negative effects on all the growth parameters Mf anisopliae at all the

concentrations tested (Tables 5.2 and 5.4).
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5.3.2 Virulence ofM. anisopliae formulated in emulsifiable extract of C. aurea

against different developmental stages d®. appendiculatus

Mortality in the controls was 1.7 + 0.8, 2.8 £ @Ad 2.3 + 1.8% in larvae, nymphs
and adults, respectively (Table 5.5). In viabiltigsts, approx. 98% ofonidia
germinated M. anisopliaecaused mortalities in all the developmental stageR.
appendiculatusHowever, mortality varied according to the depeh@ntal stage. For
instance, mortality of 100% was observed in laneween 74.8-79.1% in nymphs
and 68.9-74.1% in adults (Table 5.5). No signifmardifference in virulence was
observed betweeiM. anisopliae applied alone andW. anisopliae formulated in
different concentrations of. aureaextract. All the ticks that died in fungus-treated

treatments developed mycosis.
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Table 5. 1 Effects of emulsifiable formulation of C. aurea leaf extract on radial growth, mycelial dried weidnt, conidial yield and

viability of M. anisopliaeisolate ICIPE 07

Emulsifiable leaf Colony diameter (mm) Mycelial dry Yield (x 1C° (%) conidial

extract/concentration weight (mg) conidia ') germination
3 d post- 6 d post-
inoculation inoculation
mm mm

Control 17.2+1.0a 33.0 £ 0.5a 81.1+1.1a ¥127a 98.4+1.7a
SDA+1.2% 15.2+1.0a 31.4+1.1a 74.9 +7.6a 1#10.6a 97.2+1.1a
SDA + 2.5% 16.8+1.7a 32.2 +0.5a 78.0+5.1a 0.6k 1.4a 98.4 + 2.8a
SDA + 5% 17.2+ 1.5a 31.4 +0.5a 80.5+12.8a .8130.8a 97.8 + 2.6a
SDA + 10% 16.8 +1.0a 31.8 +0.5a 75.2+9.7a 7 ¥94.8a 97.8+2.1a
F value 2.06 2.85 0.59 0.27 0.26
P value 0.12 0.06 0.67 0.89 0.89

Means followed by the same letter on same coluramat significantly different by ANOVA (P < 0.05)
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Table 5. 2: Effects of AAAP on radial growth, mycelial drieceight, conidial yield and viability d¥1. anisopliaeisolate ICIPE 07

AAAP Colony diameter (mm) Mycelial dry Yield (x 10° (%) conidial

concentrations weight (mg) conidia m") germination
3 d post-inoculation 6 d post-inoculation
mm mm

SDA + 0% 16.4 +1.5a 31.6 + 0.5a 77.9+13a 6 #01.5a 99.0 +1.0a
SDA+0.005% 6.6 £ 1.0b 16.8 £ 1.1b 8.3x+1.1b 8@5b 13.2 £ 16.0b
SDA + 0.01% 6.8 £1.0b 16.6 £ 1.5b 7.9+1.0b 4 £0.4b 10.0 £ 12.5b
SDA + 0.02% 6.8 +2.0b 142 +1.1b 6.7+1.2b 090.0b 0.0+0.0b
F value 56.24 239.68 4278.45 166.79 101.99
P value 0.0001 0.0001 0.0001 0.0001 0.0001

Means followed by the same letter on the same colara not significantly different by Tukey test<m®.05)
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Table 5. 3 Values and compatibility classification of variousconcentrations of

emulsifiable extract from C. aurea on M. anisopliae

Emulsifiable plant extract M. anisopliae
“T” Values Classification
SDA + 1.25% 96.3 HC
SDA + 2.5% 94.9 HC
SDA + 5% 96.5 HC
SDA + 10% 87.9 C

1 HC = Highly Compatible, C = Compatible Alves et(@998)

Table 5. 4 Values and compatibility classification of variousconcentrations of

AAAP on M. anisopliae isolate

AAAP concentrations M. anisopliae
“T” Values Classificatioh
SDA + 0.005% 31.5 T
SDA + 0.01% 5.4 VT
SDA + 0.02% 1.7 VT

T = Toxic, VT = Very Toxic; Alves et al. (1998)
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Table 5. 5 Percent mortality of larvae, nymphs and adultR. appendiculatus

ticks caused by M. anisopliae (Ma) alone or in association with different

concentrations of emulsifiable extract ofC. aurea

Treatments Mortality (Mean % + SD)

Larvae Nymphs Adults
Control (no extract, no fungus) 1.7+0.8a 2.8920 23*1.8a
Control (10% extract no 25+4.0a 1.9+1.0a 3.2+0.7a
fungus)
Ma 10 + 0% 100.0 + 0.0b 77.3+75b  725+5.6b
Ma 10 + 1.25% 100.0 £ 0.0b 79.1+£9.2b 70.8 £ 7.6b
Ma 10 + 2.5% 100.0 £ 0.0b 74.8 £9.7b 74.1 £ 8.5b
Ma 10 + 5% 100.0 £ 0.0b 75.7 £9.5b 68.9 £ 9.9b
Ma 10+ 10% 100.0 £ 0.0b 74.9 £9.8b 69.7 + 6.2b
F value 2952.26 74.82 85.21
P value 0.0001 0.0001 0.0001

Means followed by the same letter in the same colane not significantly different

by Tukey test (P < 0.05)

5.4 Discussion

The main objective of the present study was touatal the compatibility of thi.

anisopliaeand AAAP and emulsifiable formulation &f. aureain order to use them

in autodissemination

approach,

whereby

ticks

thate aattracted to

kairomone/pheromone will be infected with fungusheTresults indicate that

emulsifiable extract fronC. aureaincorporated into SDA media did not affect
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fungal growth parameters regardless of the conagors. Similar results have been
reported with extracts fro®cimum sanctunhinn. (Lamiaceae) wittM. anisopliae
(Borgio et al, 2008). Formulation of conidia oM. anisopliaein C. aurea
emulsifiable formulation did not also affect thewence of the pathogen against the
developmental stages Bf. appendiculatusAlthough all the stages were susceptible
to fungal infection, larval stage was more sustdptihan nymphal and adult stages.
Similar results were reported by Kirklaetlal (2004) and Hartekt al. (2008) when

studying entomogenous fungi as promising biopesiifor the control of ticks.

Contrary toC. aurea,AAAP significantly inhibited all the growth paranees ofM.
anisopliae. This inhibition could be due to nonanoic acid aymthetic phenolic
compounds that are part of the tick pheromone. Noicaacid produced by
Trichodermaspp. has been reported to inhibit the spore gextioim and the mycelia
growth of two cocoa pathogens (Madaual, 2005). On the other hand, phenolic
compounds have been documented to inhibit the gr@fventomopathogenic fungi
(Lopez-llorca and Olivares-Bernabeu, 1997). Theselts suggest that conidiaMf
anisopliae cannot be mixed with AAAP but used separately (Netual 2009;

2010).

It can be therefore concluded that emulsifiablenfadation ofC. aureadoes not have
any effect orM. anisopliaeand could be mixed together for a spotted spragy task

control method in grazing field while AAAP should bsed separately.
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CHAPTER SIX
6.0 AN ATTRACTANT TRAP FOR INFECTION AND
AUTODISSEMINATION OF METARHIZIUM ANISOPLIAE AMONGST

ADULT RHIPICEPHALUS APPENDICULATUSTICKS

6.1 Introduction

Ticks are blood-sucking ectoparasites of mammaildstand reptiles throughout the
world, so they are potentially involved in transsms of the widest variety of
pathogens including bacteria, protozoa and virdsetsveen different animals in
nature (Rak, 1976). Despite the major role in antf hard ticks, synthetic
acaricides suffer from a large limitation. Becaw$dhe hard delayed degradation,
their residues usually remain in agricultural eamment where they adversely affect
the life of living organisms in natural ecosysteis.well, they are able to induce the
production of resistant strains of ticks (Drummofhé77; Baxter and Barker, 2002;
Ducornezet al., 2005). Besides of their adverse effects of syrthataricides on
ecosystem, some recent studies have shown thaicdiesubstances widely used for
pest control have a considerable genotoxic anda¥itoeffect on human target cells
(Undeger and Basaran, 2005), so it is necessatgadio for alternative methods

which are adaptable, safer and cheaper than chiesnisstance.

The interest in alternative methods for the contbticks has been considerably

increased in recent years, in accordance with asong demands for safer animal
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products and environmental protection (Georghid@86] Georghiou and Lagunes-
Tejada, 1991). Entomopathogenic nematodes and epathogenic fungi are being
considered among the most promising agents forogichl control of ticks
(Hassanain et al, 1997; Zhioua et al, 1999; Manianiaet al, 2007).
Entomopathogenic fungi are generally applied inngative and augmentative
approach (Lacey and Goettel, 1995). For instanega and Hassan (2000) showed
that spraying fungi in grazing pastures seeded VRthappendiculatudarvae
significantly reduced the populations of these 8plecies on cattle. However, a new
strategy is currently being investigated and bychlpests are infected after being
attracted into a focus of the pathogen (Vegal., 2007). High levels of control of
Amblyommavarigatumhave been demonstrated in the field using a caatibim of
tick pheromone and entomopathogenic fungi (Maraagal 2006; Nchuet al,

2010)

Some ethnoveterinary plants have been reportedtttact ticks of the genus
Rhipicephalusin the laboratory (Hassaat al, 1994; Zorloniet al, 2010). |

previously demonstrated the attraction Rf appendiculatugo emulsifiable leaf
extract ofC. aureain a semi-field plot experiment. In the presendgtu evaluated
an attractant trap for infection and autodissenonabf M. anisopliaeamongst adult
R. appendiculatuicks in semi-field plot experiments and assesbedrospects for

tick control.
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6.2 Materials and methods

6.2.1 Tick colony used

Two to three month-old unfeld. appendiculatuicks were used in the experiments.
They were obtained from theipe’s Animal and Quarantine Rearing Unit. The ticks
were counted in batches of 30 consisting of 15 snafel 15 females. Each batch was
placed in a vial with a moist cotton wool plug. Ie&and females were marked on
the dorsal side using a camel brush and artist.péicks of different batches were
marked with different colours. They were returnedthe vials which were then
plugged with cotton wool. Marking was done a dafplefield experiments, and the

ticks were stored in darkness at RH 75% and 2%5G 2

6.2.2Calpurnia aurea extract

C. aurealeave extract was prepared as described in thoset2.2.

6.2.3 Fungus

The M. anisopliaeisolate ICIPE 07 used in this study was obtainedhftheicipe's
Arthropod Germplasm Centre. The strain was isolétesh an engorged femal.
variegatum collected from Rusinga Island, Kenya in 1996 ands vpaeviously
reported to be virulent againRt appendiculatugkaayaet al, 1996) Conidia were
mass produced using long rice as a substrate (MR8., unpubl.). The liquid
medium was made up of glucose (30 g/l), peptoneg(lCand yeast extract (30 g/l)
in a 250 ml Erlenmeyer flask. The content of tlaskl was autoclaved for 30 minutes

at 121°C and allowed to cool before inoculationhwtthe conidia. The culture was
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maintained in a shaker at 100 rpm and 26 €Zor 3 days. Two kilograms of rice
per plastic bag was autoclaved for 1 h at 121°@nsfierred to polyethylene
autoclavable bags and inoculated with 50 ml 3-ddycalture of blastospores. The
substrate was thoroughly massaged to distribute inbeulum throughout and
incubated in room conditions (26-3@ and 60-75% R.H.) for 21 days. The
polyethylene bag was then opened and the cultuseallawed to dry for 5 days at
room temperature to approximately 10-15% moistuontent. Conidia were
harvested by sifting the substrate through a si€2@5 um mesh size) and
approximately 200 g of spores was produced per Dagconidia were stored in a
refrigerator (4-6° C) for at most 1 week prior teeu The viability of conidia was
determined using the technique described by Goattelinglis (1997) before being
used in the field trials. Germination rates > 90f&ra24 h on Sabouraud dextrose
agar was considered adequate for use in the figt.t One litre of emulsifiable
formulation (consisting of 49.5% sterile distilledater, 49.5% corn oil [Elianto,
BIDCO Oil Refineries Ltd] and 1% Tween 80) 6f aureaextract with conidial
suspension containing 1 x %dbnidia mI* was prepared for the trials. One litre of a

control solution was also prepared in a similar ngrwithout the fungus.

6.2.4 Attraction and infection of R. appendiculatus with M. anisopliae

formulated in emulsifiable extract of C. aurea in semi-field plot experiments

This experiment was carried out at ICIBEHeadquarters, Duduville, Nairobi,
Kenya, during the month of December 2009 usingptio¢ocol described by Nchet

al. (2009). The grass within each plot was cut teiglit of about 5 cm. The plot was
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marked at I-m interval using wooden pegs from téetre up to 5 m. The centre of
the plot (30 cm radius) was the trap area (Figuig B the fungal test plots were
treated with 250 ml of emulsifiable formulation piant extract and fungal conidia
using a 1 L hand sprayer at a output of approxindt80 L/hectare. Plastic beaker
containing approximately 70 g of solid g@btained from Carbacid Kenya was
placed at the centre of the trap area to serve(gss@urce. Trap areas with G
the centre were placed upwind on the chosen sitaidw ticks to move upwind. In
the control plots, trap area were treated with anulsifiable plant extract carrier
without the fungus. Ticks were released at 1, 24 3nd 5 m downwind from the
odour source. Twenty ticks (ten males and ten fes)alere used for each distance.
Ticks were marked with an artist's paint (Rowneyo@gan oil colour, London
Graphic Centre, London, UK) which had been diluath linseed oil. Ticks were
given a distinct colour spot by painting them tatliz and ventrally depending on the
distance from the trap. The experiment was re@ddhree times and was carried
out in the morning between 0700-1100 h. The tenperaabove ground during the
experimental period ranged between 25 and 29° @efuthe sun) and the relative

humidity between 50 and 70%.
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Figure 6. 1: lllustration of the semi-field plot far attraction and infection of R.

appendiculatus

6.2.5 Assessing the inoculum uptake by ticks

The objective was to estimate the number of conidé a single tick picked up

while visiting plant extract-baited trap after ti@&nt. Four ticks per replicate and

per treatment were selected at random and eaclkravesferred separately into 10-ml

vial and brought to the laboratory. Vials wereefillwith 5 ml 0.05% Triton X-100

and subjected to vigorous shaking by a vortex shakmin to dislodge conidia from

the tick surface. The number of conidia was deteechi using the improved

80



Neubauer counting chamber (Nclet al., 2009). The treatment consisted of five

replicates of four ticks each.
6.2.6 Evaluation of the efficacy of treatments

Ticks collected in each treated plot were transfitto labelled 2-cm diameter glass
vials and brought to the laboratory where 50% weaintained at 26 +°2, 85 + 5
% RH and 12:12 h L:D photoperiod for two weeks. Mbty was recorded after two
weeks. Dead ticks were surface-sterilized with 2&8@dium hypochlorite and 70%
alcohol, rinsed twice in sterile distilled watendathen placed into 9-cm diameter
Petri dishes lined with moistened filter paper lova the growth of fungus on the
cadaver. The other 50% were transferred to cottoth csleeves (ear-bags) and
attached to the back of naive rabbits using lewstpTicks were allowed to attach
and feed. The period of feeding was recorded. Tikaching were recovered daily
by opening the free ends of the ear-bags. The tigke then taken to the laboratory
to determine engorgement weights and incubate@ atZ?C and 70-90% RH during

which mortality, egg mass, egg counts, and egghlahitity were determined.

6.2.7 Efficacy ofM. anisopliae formulated in emulsifiable extract of C. aureain

reducing the number of ticks and transmission of inculum in potted grass

Conidia of M. anisopliaewere formulated in emulsifiable extract Gf aurea.The
latter served as attractant. The suspension wasgbayed in the centre of a 900
cn’—trap using a hand sprayer. In the control pla@ps were treated with an

emulsifiable plant extract carrier without the fuisg Twenty-four (24) male ticks per
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replicate were released at 4-m away from the tr@%». was used to increase the
attraction. Ticks that were attracted to tfie anisopliaebaited trap were collected
and transferred to plastic basins (41 cm top dianet29 cm bottom diameter x 24
cm height) previously planted witRennisetum clandestinufkikuyu grass) (Plate
6.1). The height of the grass was approximatelgrh2 Same number of non-treated
female ticks was introduced in the basins to havatia of 1:1 in order to assess
horizontal transmission of inoculum between fungiiseted male and non-treated
female ticks. The top of the basin was sealed mitisquito net (supplied by Amiran
Kenya) using rubber bands to prevent ticks fromapsy. The experiment was
allowed to run for 5 weeks, after which the numbieticks was recorded. Ticks that
survived infection after 5 weeks in the field wér@nsferred to 9-cm diameter Petri
dish and brought to the laboratory where they weaitained at 26 + 2C, 75 + 5%
RH and 12:12 h L:D photoperiod for 3 weeks, aftétioh mortality was recorded.
Dead ticks were surface-sterilized with 2.5% sodhypochlorite and 70% alcohol,
and rinsed twice in sterile distilled water. Thegre/then placed into 9-cm diameter
Petri dish lined with moistened filter paper todav development of mycosis on the
surface of the cadaver. Petri dishes were sealgdparaffin and maintained at room
temperature (26 *+ 2C). Five plastic basins were used for each treatmenich
represented five replicates. The experiment waslwed from March to April
2010, which corresponded to rainy season. The geerdaytime range of
temperatures and relative humidity within bucketyev24.8 + 0.7 — 29.3 + 0%

and 86.3 + 2.4 — 89 + 1.8%, respectively.
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Plate 6. 1 Potted grass seeded with male fungus-infected anohtreated female

R. appendiculatus (Nana, 2010)

6.2.8 Data analysis

Since there were no significant differences in oese between male and female
ticks, data for the two sexes were pooled togethar each test, the total numbers of
ticks responding to the plant extract was pooledszreplicates and then analysed
using ANOVA. Mean separation was carried out ussigdent-Newman-Keuls test.
A student’s t-test was used to compare the follgwi(i) percentage of ticks
recovered from control and fungus treated semitfiplots; (i) percentage tick
mortality in the laboratory of ticks recovered frahme control and fungus-treated

plots. The relative (%) reduction of tick populai$oin treated plots was calculated

83



using the formula [(number of surviving ticks reeod from control basins -number
of surviving ticks recovered from fungus-treatediba)/number of surviving ticks
recovered from control basins] x 100 (European Nieds Agency, 2004). All

analyses were performed using the SAS (2001) packag

6.3 Results

6.3.1 Attraction and mortality of R. appendiculatus

No significant differences in attraction of tickes observed between the control
(plant extract without fungus) and treated plotsn({dia formulated in emulsifiable
plant extract). However, significant differencesrav@bserved in the attraction of
groups of ticks released between 1 and 5 m away fh@ trap. The mean percentage
of ticks attracted from 5 m was significantly low@r= 27.67; P = 0.00) than the
one attracted from 1 m (Figure 6.2). Mortality mks that were collected from the
field plots was significantly highei~(= 13.34; P < 0.00) among those collected
from fungus-treated than the control treatmentgufé 6.3). Forty nine (49%) per
cent of the ticks released were attracted and expts the fungus and of these,
eighty three (83%) per cent of the ticks succumtmedfungal infection in fungus-
treated plots compared to 3% in the controls. Adl ticks that died in fungus-treated
plots developed mycosis (Plate 6.2). No mycosis whserved on dead ticks

collected from control semi-field plots.
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Figure 6. 2 Mean percentage (x SD)R. appendiculatus attracted to M.
anisopliae/C. aurea-baited trap and C. aurea-baited trap in semi-field plots.
(Means with the same letter are not significantly dferent by SNK).
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Figure 6. 3 Mean percentage mortality (z SD)R. appendiculatus due to M.
anisopliae following infection through fungus/plant extract-baited trap. (Mean
bearing the same letter are not significant)
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Plate 6. 2 Mycosis by M. anisopliae on R. appendiculatus cadaver; viewed from

the ventral side. (Leica Microscope, 16 x)

6.3.2 Effects of fungal infection orR. appendiculatus feeding and reproduction

potentials

Tick mortality in the control group was 6.6%4. anisopliae formulated in

emulsifiable extract ofC. aurea caused mortality of 40% (Table 6.1). The
reproductive and feeding potentials of female titla survived infection in the field
were significantly affected by the treatment. Fusiguected ticks had significantly
long period of engorgement and reduced blood meake as compared to the
controls (Table 6.1). Pre-oviposition, ovipositiand post-oviposition period was
significantly longer in fungus-treated than in tentrol treatment (Table 6.1). There
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were also significant reduction (P < 0.0001) inywegaight and egg mass of fungus-
infected ticks. For instance in the control, therage weight of the engorged ticks
and egg masses was 333.1 £ 40.9 and 234.1 + 29.3easpectively, while irM.
anisopliaeinfected ticks the average weight was 232.2 + 3bd 147.9 + 45.7 mg,
respectively (Table 6.1). Significant reductions <F0.0001) in viability of eggs
produced by surviving infected ticks were also obse; with the control group
having 90% egg viability compared to 55% in fungnested group. Batch of eggs
that failed to hatch and incubated at 26°#2and 85 + 5% RH developed mycosis
on the surface (Plate 6.3). No mycosis was obseovethe egg that failed to hatch

on the control group.

6.3.3 Efficacy ofM. anisopliae formulated in emulsifiable extract of C. aureain

reducing tick populations and transmission of inoctum in potted grass

The number of conidia picked by individual tick {@apooled across replicates)
immediately after attraction and contaminationtie trap was 3.2 - 4.1x 10 No
conidium was found in the control ticks. The meagrcpntage of male ticks
recovered in the basins 5 weeks after exposuraedit anisopliaetreatment was
(53.4%), which was significantly lower (F = 37.37< 0.0001) than the one of male
ticks recovered from the control basins (94.7%)gdFeé 6.4). Similarly, the
percentage of live untreated female ticks in basmr#taining fungus-infected male
ticks was significantly lower (F = 16.47; P < 0.00éhan the one of females
recovered from the control treatment (Figure 6idplying horizontal transfer of

inoculum from fungus-inoculated male to untreatedndle ticks. Subsequently,
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mortality was significantly higher in male (F = 62; P < 0.0001) and female

(F=18.45; P < 0.003) in fungus than in control tne@nts (Figure 6.5).
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Table 6. 1 Effects of infection byM. anisopliae on the reproductive parameters of femaldR. appendiculatus following exposure

to conidia formulated in emulsifiable extract ofC. aurea in semi-field plot experiments

Parameters Controls (X = SD) Infected ticks (X £)SD Statistics

Mortality (%) 6.6 40.0 F=13.34;df=1; P<0.001
Engorgement period (days) 8.5+0.6 11.7+2.1 X 36;df = 1; P <0.0001
Weight of engorged ticks (mg) 333.0+£40.9 2325044 F=26.75;df=1; P <0.0001
Pre-oviposition period (days) 12.6+2.4 175+25 F=9.48;df=1;P<0.01
Oviposition period (days) 13.5+0.9 16.8+1.0 B34, df = 1; P < 0.0001
Post-oviposition period (days) 22.7+24 31.3% 4. F=3257;df=1; P <0.0001
Eggs mass weight (mg) 234.1+29.2 147.8 +45.6 2B.33; df = 1; P < 0.0001
Number of eggs 4213.6 £526.7 2660.8 +822.2 FRMf = 1; P <0.0001
Number of larvae emerged 3792.3+474.0 1490.82+8B8 F=26.17; df = 1; P < 0.0001
Egg viability (%) 90.0+2.9 55.0 + 24.9 F=25.M=1; P < 0.0001

Data were analysed using one way ANOVA, P < 0.05 eamsidered significant
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Plate 6. 3 Mycosis byM. anisopliae on R. appendiculatus eggs that failed to
hatch (Nana, 2010)
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Figure 6. 4. Mean percent maleR. appendiculatus recovered alive following
exposure to fungal inoculum and untreated female ansferred in the grass
containing infected males for 5 weeks. (Means betee treatment bearing the
same letter are not significantly different (P < 5) by ANOVA).
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Figure 6. 5: Percent mortality in male R. appendiculatus initially exposed to
fungal inoculum and in untreated female transferredin the grass containing
infected males for 5 weeks. (Means between treatmebearing the same letter
are not significantly different (P < 0.05) by ANOVA).

Ticks that survived after 5 weeks post-infectiontle grass were brought in the
laboratory where they were maintained for 3 weeksdnditions described above.
Ninety three (93%) of male ticks succumbed to itiec in fungus treatment

compared to 10% in the control. Among untreatedales) that were introduced
along with fungus-treated males, 56.2% of them ditech fungal infection, which

was significantly higher (F = 45.33; P < 0.00013rthn the control treatments where
only 7.1% mortality was recorded (Figure 6.6). &dad male ticks recovered from
fungus-treated treatment developed mycosis; whé&8®¥%s of dead female ticks had
mycosis, thus confirming horizontal transmissiorm fngal growth was observed

on dead ticks collected from the control treatment.
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Figure 6. 6 Percent mortality in male R. appendiculatus initially exposed to
fungal inoculum and in untreated female transferredin the grass containing
infected males for 5 weeks and later maintained ithe laboratory for 3 weeks
after removal from the grass. (Means between treatent bearing the same
lowercase letter are not significantly different (P< 0.05) by ANOVA).

6.4 Discussion

This study demonstrated that emulsifiable formalatof C. aureaextract mixed
with conidia of M. anisopliaeis effective in attracting and infecting aduRr.

appendiculatus resulting in high mortality of ticks that were ooight to the
laboratory. The attraction and infection strategy is consistesth the aims of
integrated pest manageme@t. aureaextract attracte®. appendiculatuadult ticks

in agreement with my previous observations. Ethetnnary plants play an
important role in integrated tick control in rurateas in Africa (Kaaya, 2000;

Wanzalaet al, 2005;Abduz Zahiret al., 2009 Zorloni et al, 2010). Some plants
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demonstrated strong acaricidal and/or repellenpgntes (Kaayaet al, 1995;
Mwangi et al, 1995) while others showed attraction in somile $igecies (Hassast
al., 1994; Zorloniet al, 2010). Data from field plot experiments suggesit C.
aurea suspensions could be used as an affordable wayprdfolling ticks in rural

settings because the cost of preparing the plaraaxs relatively low.

Kaaya and Hassan (2000) in their study showed s$petaying fungi in grazing
pastures seeded wif. appendiculatutarvae significantly reduced the populations
of this tick species. However, this approach islifko be very expensive in view of
the special scale of application that would be eded/oreover, such an approach
has high risks of non-target effects. aureaemulsifiable extract mixed witiv.
anisopliae sprayed by spot in semi-field experiments were emeconomical.
Furthermore, this tool would minimize the area teedawith a mycoacaricide, thus
reducing the probable non target contamination. gresent approach is more target-

oriented and more environmentally friendly.

The fungus could not prevent ad&t appendiculatugemale ticks from engorging.
However, the feeding potential and consequentlyethige masses of infected female
ticks were significantly reduced. Furthermore, reility of larvae was reduced by
45% involving a significant decrease in the siz¢hef progeny. The reduction in egg
hatchability ofR. appendiculatusollowing infection withM. anisopliaeobserved in
this study is comparable to the one reported bgro#uthors (Kaayat al, 1996;
Manianiaet al, 2007). Fungal infection of engorged female tibkse been reported

to often result in longer periods of pre-ovipositi@viposition time, egg-incubation,
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and egg-hatching of the egg rnass, as well aswered egg production (Gorshkova,
1966; Bittencourt, Massard & Lima, 1994; Barci, I9%indin et al, 2001). This
suggests that there is a relatively long-lastinig-lethal influence of the fungus on
their tick hosts.Infection by M. anisopliaehas also been reported to reduce egg
hatchability in other arthropods such as mitranychus urticadlrigaray et al.,

2003) and stem boré&thilo partellus(Maniania, 1991).

A high number of ticks was recovered from the aonbasins (94%) than from the
fungus-treated basins (54%), implying horizontahttimission of the inoculum from
fungus-infected males to untreated female ticksigalidissemination within a host
population generally occurs during activities sual mating, grooming and
movements of the host (Watanabe, 1987; Andrea®87;1Schmid-Hempel, 1988;
Scholteet al, 2005). Horizontal transmission of fungal inoculiwais been reported
in many insects (Kaaya and Okech, 1990; Maniang®41 Sholteet al, 2005).

Recently, Brooks and Wall (2005) demonstrated thezbntal transmission adf/.

anisopliaein parasitic mitePsoroptes ovigHering) syn.Psoroptes cuniculi(Acari:

Psoroptidae) by allowing live uninfected mites talkvover a piece of filter paper
from which an infected cadaver had been removdu aggregation behaviour of
questing ticks in the presence of vegetation cgBeowning, 1976) could explain

autodissemination dfl. anisopliaefrom male to femal®. appendiculatus.

The use of attraction and infection approach prssseveral advantages including
targeted delivery of a pest control agent; consetiydimited detrimental effects on

non-target organisms; less costly and more effedinan conventional methods of
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application (Vegat al, 2007). The success of this approach relies emavailability

of pheromones and kairomones like £@\ major advantage of using ethno-
veterinary plant extract such @s aureato attract ticks is that, it is a shrub occurring
in tropical areas; its preparation and formulatisnsimple and it may facilitate
contamination oRhipicephalugicks with the fungus. Most of the ticks that suad
infection in the field and brought to the laborgt@uccumbed to fungal infection,

indicating that further mortality could occur beybine 5-week experimental period.

This study represents the first attempt to evaltlaaise of an ethno-veterinary plant
in combination with entomopathogenic fungus for dwntrol of livestock ticks.
Similar approaches have been previously testedgysireromone-baited trap with
entomopathogenic fungi (Marangat al, 2006; Nchuet al., 2009, 2010) and
pheromone/acaricide mixture for tick control on th@orval et al, 1996).The use
of mycoacaricide for tick control has an advantager ordinary acaricides because

fungi can be readily produced locally.

The use of ethno-veterinary pla@. aurea and entomopathogenic fungud.
anisopliaein a trap has demonstrated potential for off-hibgt control. Fungal
conidia formulated in emulsifiable plant extracitbd traps can be a valuable tool to
enhance the infection, autodisseminatiorivofanisopliaeand thereby reducing the
populations of Rhipicephalusticks. The results of experiments to develop an
attractant-infection strategy for the cattle tRk appendiculatusre promising and
ideal for tick IPM programmeField testings are needed to demonstrate the effica

of the approach in controlling tick populationslarge scale.
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CHAPTER SEVEN
7.0 BIOASSAY GUIDED FRACTIONATION OF CALPURNIA AUREA LEAF
EXTRACTS RESPONSIBLE FOR ATTRACTION OF RHIPICEPHALUS

APPENDICULATUS

7.1 Introduction

Control ofRhipicephalus appendiculatideumann (Acari: Ixodidae) vector of many
viral and rickettsial diseases continues to relpvilg on application of residual
acaricides (Georget al, 2004). This approach has been highly effectiveeducing
tick populations and their incidence. However, agged problems regarding
environmental pollution such as contamination af aod ground water, adverse
effect on non-target species, and cost (Chabral, 2002) and the now the
continuing development of resistance (Ducoreeal., 2005) give emphasis to the
need for alternative strategies, such as vectatr@onith biological agents (Samish
and Alekseev, 2001; Manian#& al, 2007; Reis-Meninet al, 2008) and the use of

ethnoveterinary plants (Kaaya, 2000).

Several tropical pasture legumes of the geiglosanthes(Fabaceae) have
acaricidal/repellent effects (Castrejeh al, 2003) while others exhibit attraction
properties. These includécalypha fruticosaForssk (Euphorbiaceae)lpomoea
spathulata Hallier (Convolvulaceae) Solanum incanumlLinnaeus (Solanaceae)
(Hassaret al, 1994) andC. aureaBenth(Zorloni et al, 2010).C. aurea a member

of the subfamily Papilionoideae of the family Fabae (Coates Palgrave, 1983), is a
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small, multi-stemmed tree, 3—-4m tall, occurring e@gdread in bushland and
grassland in sub-Saharan Africa and India. Phytoated investigations o€. aurea
has led to the isolation of different alkaloids luding calpurmenine (Isaet al,
1984), virgiline and virgiline pyrrolecarboxylic idcester (Alonsoet al, 2000),
digittine and its amino alcohol (Raderagal., 1979), lupanine, calpaurine, lupinine,
calpurmenine and its pyrolecarboxylic acid est8rh§droxylupanine and its tiglate,
and calpurnine (Asre and polo, 1986). It is algworeed to have lectins, non-protein

amino acids and tannins (Fullas, 2001).

The aim of this study was to perform a bioassagepuifractionation o€. aurealeaf

extracts responsible for attractionRfappendiculatuandR. pulchellus.

7.2 Materials and methods

7.2.1 Tick colony used

EngorgedR. appendiculatu¢emales used to start the colony originated frattle
from the Marsabit area of Kenya in 2006. Ticks wezared at the Animal Rearing
and Quarantine Unit of ICIPE. All life stages oettick were fed on New Zealand
white rabbits. The different instars were maintdiiveperspex chambers at 26 2@
and 85 = 5% RH under 12:12 L:D photoperiod. The&tr-week old unfed adults

were used in this study.
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7.2.2 Plant material

Calpurnia aurealeaves originated from South Africa was describeahapter 2,

section 2.7.

7.2.3 Extraction of C. aurea

7.2.3.1 Dichloromethane and aqueous extracts

Seventy grams of the plant powder were macerat@dBititre of 95% acetone for 3

days at room temperature. It was later filtered] aoncentrated under reduced
pressure in a rotor evaporator af &) to yield 5.6 g of crude organic extract. A 4.6
g portion of this extract was suspended in distileater and extracted with 95%
dichloromethane. Both organic and aqueous extsaets concentrated using rotary
evaporator at 556 and 72 mbar respectively. Acetdishloromethane and aqueous

extracts were used to perform a comparative thyjiaerlahromatography (TLC).

7.2.3.2 Preparation of the fractions

Two grams of the organic extract were subjectedfléash chromatographic
fractionation on a silica gel column of 40 mL ehlitevith hexane followed by
gradient mixtures of hexane-ethyl acetate-metha&®eNeral fractions were obtained
and combined based on the comparison of their REesaTen major fractions were
obtained: I (Hexane 100%), F(Hexane-EtOAc 95:5), FHexane- EtOAc 90:10),
F4 (Hexane- EtOAc 75:25),sHHexane- EtOAc 50:50),sHHexane- EtOAc 25:75),
F; (EtOAc-MeOH 95:5), F (EtOAc-MeOH 90:10), & (MeOH-EtOAc 90:10), K

(MeOH 100%).
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7.2.3.3 Coupled Gas Chromatography-Mass Spectrométr(GC-MS) analysis

The analysis was carried out on an Agilent techogwI6890A GC- with 5975 MSD.
The mass spectrometer was operated in the elenaration (El) mode at 70 eV
and emission current of 34.6pA. The temperaturthefsource was held at 230 °C
(ion source), 150 °C (Quadrupole) and multiplietage was 1106 V. The pressure
of the ion source was held at 7 x10-6 mBar. Thetspmeter had a scan cycle of 3
scans per 2 seconds. Oven program was 35 °C fanGhan 10 °C/min to 280 °C
for 5.5 min. The mass range was set at m/z 1-168Gean range for the compounds
from m/z 38-550. The instrument was calibrated g@sinheptacosa
(Perfluorotributylamine) [CKCF,)s3]sN (Apollo scientific Ltd. UK). HP-5 GC
capillary column, 30 m x 0.25mm (i.d) x 0.25 pninffithickness) supplied by J & W
Scientific was used. The GC-MS was linked to a co@pwith MS library (NIST
&WILEY). The compounds were identified by comparitigeir MS with those of

authentic samples or with library data and theigfnentation pattern.

7.2.4 Inverted glass tube bioassays

The inverted glass tube assays used to test @traof ticks was previously

described in chapter 4, section 4.2.5.1.

7.2.5 Data analysis

For each test, the total number of ticks respontbnglant extract was pooled across
replicates. The percentage attraction was detednirseng the following formula:

(number of ticks in test - number of ticks in cah#(number of ticks in control +
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number of ticks in test) x 100. The percentagetivéetion was analysed using Chi
Square Goodness of fit test (G-test) (Sokal andIfRAB81). All analyses were

performed using the SAS (2001) package.

7.3 Results

7.3.1 Attraction bioassays of crude plant extractand fractions

In inverted glass tube bioassays, dichloromethawleagueous extracts significantly
attracted more ticks than did the control. Thelatree attractions were 80% and
68.4% respectively (Table 7.1). Ticks respondedaldy to the ten fractions of
DCM extract tested at a singly dose of 10 mg/méckon 1, 2, 3 and 4 significantly
attractedR. appendiculatusvhile the other fractions were unattractive to tiogs

(Table 7.1).

7.3.2 Compounds identified from GC-MS

GC-MS analysis revealed that fraction 2 and 3 vmeaele up of complex mixture of
fatty acids, alkenes and alcohols. Twenty compownel® identified in fraction 2,
the highest values in relative abundance were Qdleid (64%), Methyl linoleate
(58%) and the others compounds ranging in relagivendance from 9% to 38%
(Table 7.2). In Fraction 3, the highest relativeuratant compounds were
Hexadecanoic acid (98%) and Decanoic acid (46%),otthers substances ranging

from 1% to 10% of relative abundance (Table 7.3).
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Table 7. I Responses oR. appendiculatus in inverted tube glasses to different extracts anétactions from C. aurea

Substances Nof tick attracted

N Doses(mg/ml) Control Test % of relative attraction
DCM extract 50 50 4 36 80.0*
Aqueous extract 50 50 6 32 68.4**
F; (Hex 100%) 50 10 18 30 28.5*
F, (Hex-EtAc 95:5) 50 10 13 33 43.4*
F3 (Hex-EtAc 90:10) 50 10 9 30 54 5%
F, (Hex-EtAc 75:25) 50 10 12 27 38.5*
Fs (Hex-EtAc 50:50) 50 10 13 17 13.3
Fs (Hex-EtAc 25:75) 50 10 16 20 11.1
F; (EtAc-MeOH 95:5) 50 10 17 17 0.0
Fg (EtAc-MeOH 90:10) 50 10 23 27 8.0
Fy (MeOH-EtAc 90:10) 50 10 18 23 1.2
F10(MeOH 100%) 50 10 17 22 12.5

" represents significance at P < O.ﬁt‘fepresents significance at P < 0.01.

The McNemar chi-square test for the significancehange in frequencies between control and testanbe was used.
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Table 7. 2 Compounds identified from Hexane fraction 2 ofC. aurea.

Compound R RA"(%)
1. Oleic acid 2141 64
2.  Methyl linoleate 2095 58
3. Linoleic acid 2132 41
4.  Citronellene<beta-> 942 38
5. Nonen-1-o0l<3Z> 1152 38
6. Nonenol<6zZ> 1164 25
7. Undecyne<l-> 1122 22
8. Heptenol<3Z-> 947 22
9. Decadienal<2E,4Z> 1292 14
10. Octadienal<2E,4E-> 1102 10
11. Prenyl formate 825 10
12. Musk ambrette 1929 10
13. Hexenol<3E-> 844 10
14. Cyclopent-2-en-1-one<2-pentyl-> 1288 10
15. Geranyl linalool<Z,E-> 1998 10
16. Undec-9E-en-1-al 1311 10
17. Cyclohexyl formate 954 10
18. Sabina ketone 1154 9
19. Fenchol<exo-> 1118 9
20. Undec-9Z-en-1-al 1322 9

2Retention index

PRA: Relative abundance
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Table 7. 3 Compounds identified from Hexane fraction 3 ofC. aurea.

Compounds ] RA"(%)
1. Hexadecanoic acid 1959 98
2. Decanoic acid 1364 46
3.  Butanoic acid 763 10
4.  Valeric acid<3-methyl-> 939 9
5. Octanoic acid 1167 9
6. Dodecanoic acid 1565 9
7. Hexanoic acid<5methyl-> 1033 6
8. Decenoic acid<9-> 1359 4
9. Nonanoic acid 1267 4
10. Hexanoic acid 967 2
11. Pentanoic acid 933 2
12. Isovaleric acid 827 2
13. Isopropyl hexadecanoate 876 1

2Retention index
PRA: Relative abundance

7.4 Discussion

The present study demonstrated that ticks were matteacted (80%) to
dichloromethane extract than to aqueous extra®o6&reliminary phytochemistry
of C. aurearevealed the presence of phenolic compounds addoxy-phenolic
compounds with acids, alcohols, sugars or glycasids reported by Adedagd al.
(2008). Based on the results obtained on liquisbrti@tography, it is possible that
ticks are attracted to one or many of these comgi®ymesent irfC. aureaextracts.

For instance, phenolic components are believedap @ key role in the attraction
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behaviour of over 12 species of ixodid ticks (Woedal, 1975; Mcdowell and
Wallade, 1986; Yoder and Stevens, 2000). Furthezmsesquiterpenes, terpenoids,
and hydrocarbons compounds are also reported tove seas tick

pheromones/kairomones (Sonenshine, 1985).

The partition of the dichloromethane (DCM) extriiom the leaves of. aureawith
different solvents resulted in ten distinct frang8pevidence that DCM leaf extract of
C. aureais rich in both apolar and polar compounds. Thegmestudy demonstrated
that ticks were mostly attracted to non-polar coomuts which is in accordance with
my previous observations. Many infochemicals ofedént origin are susceptible to
affect the behaviour of ticks. Host-emitted odoprevoke orientation in ticks that
walk towards their prey (Donzet al, 2006). However, natural attraction of some
Rhipicephalustick species to certain plants was observed (Hhassaal, 1994;
Zorloni et al, 2010). Plant secondary metabolites have beesrtezpto attract many
species of hard ticks includirig. appendiculatuéDonzeet al, 2004). The results of
this study show that carboxylic acids (hexadecanbitanoic, oleic or valeric)
predominate in the most effective fractions. Prasimvestigations show that ticks
possess in the surface of tarsus different fattgl emceptors (Steullet and Gnerin,
1993). The behaviourally active compounds iderdifsaich as hexadecanoic acid
have been found to be attractant to Ixodid ticklgdAlet al, 1998; Price Jet al.,
1994), to American house dust mites (Glassal., 2001) and to male fruit flies

(Chuahet al.,1997).
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This study focused on bioassay guided fractionattbnC. aurea leaf extracts
responsible for attraction d®. appendiculatusThe whole extract and fractions of
the legumeC. aurea demonstrated attraction properties. The majorrcgowof
attraction was found to be in fraction 2 where nudsictive compounds are located.
To fully understand the attraction of tick to tipkant, additional research is needed

to characterize the active compounds or blend.
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CHAPTER EIGHT

8.0 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMANDAT IONS

8.1 General discussion

Ticks are considered to be a major pest in théecattd other livestock, buffalo and
antelope. Heavy infestations can cause anaemi&reselamage to the ears, or a
toxicosis that result in the loss of resistance smme tick-borne infections.
Rhipicephalus appendiculatusan transmit a number of pathogens including
Theileria parva Nairobi sheep disease virus and Thogoto virusit@bof livestock
ticks has depended almost entirely on the largkeseaministration of toxic
substances onto the external body surfaces of tiests or by environmental spray.
Used as acaricides, these toxicants also havedisgersed in large quantities in the
environment where they indiscriminately kill ticksid other non-target organisms.
The discovery of insecticidal compounds with low mmaalian toxicity such as
pyrethroids or avermectins and improvements in thethods of delivery has
enhanced their efficacy for tick control but ataghg increased cost, in addition to
development of resistance by ticks (Baxter and 8&arR002; Ducorneet al., 2005).
These setbacks have led to the search of alteenatathods of tick control that can
be applied alone or integrated with acaricides.s€haclude the use of tick resistant
animals (Sutherst, 1983; Jongejanal, 1989; Rechawt al, 1990); use of tick-
killing plants (Sutherset al, 1982; Norvakt al, 1983; Wanzalat al, 2005); use of

pheromones (Norvadt al, 1991; Marangat al, 2006; Nchuet al, 2010) and the
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use of entomopathogens (Kaaya and Hassan, 2008in&hal, 2009; Nchuet al,

2010).

The most commonly investigated entomopathogenicgifuare species of
Metarhiziumand Beauveria,as they have a wide geographic spread and host.rang
These entomopathogenic fungi have been widely dersil for biological control of
agricultural pests (Gillespie and Moorhouse, 198an der Geeset al, 2000),
particularly ticks (Kaayat al, 1996; Kirklandet al, 2004; Gindiret al 2009). For
entomopathogenic fungi to become feasible bioldgmantrol agents for ticks,
considerable amount of research is required to pterproduct development. This
includes appropriate bioassays to ensure compstilmf the selected strain with
semiochemicals, and development of suitable fortimua and delivery systeman
attractant-infection and autodissimination stratdgy the control of ticks is a
promising and ideal component for tick IPM prograeahe current study was
initiated to address these aspects and to genafatmation relevant to the practical
use of fungi in tick management strategies. The @iirthis study was therefore to
investigate the prospect of integrati@gaureaplant extracts with entomopathogenic

fungusM. anisopliaefor the control oRhipicephalugicks off-host.

This study has demonstrated the attractioR.opulchellusandR. appendiculatuso
emulsifiable extract ofC. aurea in the laboratory and field conditions. The
importance of plants in integrated tick control bagn the focus of attention in these
recent years (Kaaya, 2000; Wanzetdal, 2005;Abduz Zahiret al, 2009 Zorloni et

al., 2010). A number of plants have strong acariciad/or repellent properties
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(Kaayaet al, 1995; Mwangiet al., 1995; Zorloniet al., 2010), while others elicit
attraction in some ticks (Hassahal, 1994; Zorloniet al, 2010). On the other hand,
entomopathogenic fungi have been used successtuttpntrol various agricultural
and pasture pests. No effect@f aurealeaf extract was observed &h anisopliae
in the present study. Plants extracts have beeortegpto affect sometimes the
growth and germination of conidia of an entomopgémc fungus. For instance,
Rogerioet al (2005) reported that seed extracts from Neem hagative effect on
Beauveria bassiana inhibiting germination, reducing colony diametend

conidiogenesis.

The present study also established that emulsifitdrimulation ofC. aureaextract
mixed with conidia ofM. anisopliaewas effective in attracting and infectirig}
appendiculatusadult ticks, resulting in high mortality of theks. Previous research
has demonstrated that emulsifiable formulationscohidia can enhance fungi

activity against arthropods (Ncles al, 2009).

Previous studies focused on the controRofappendiculatudy spraying fungi in
grazing pastures (Kaaya and Hassan, 2000). Howehes, approach is very
expensive in view of the scale of application twauld be needed. Moreover, such
an approach has high risks of non-target effebts.anisopliae formulated in
emulsifiable extract o€. aureaapplied in spot sprays would be more economical by
reducing the area to treat with a mycoacaricide ptesent approach is more target-
oriented and more environmentally friendly. Suchapproach was recently tested by

Nchuet al. (2010) with success.
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Considering the fact that ticks communicate witbheather by means of physical
contact and chemical stimuli (Sonenshine, 1985),todissemination of

entomopathogenic fungi within populations of pestsing attractant traps as the
initial source of infection, could successfully beed to control ticks in the field

(Nchuet al, 2010).

8.2 Conclusions
With regard to the results obtained in the labayatnd in the semi-field plots, it

was concluded that:

1. Rhipicephalus pulchelluandR. appendiculatusre attracted t&. aurealeaf

extracts both in the laboratory and in the semdfanditions.

2. Oil formulation of C. aurea was more attractive tdrhipicephalusticks

compared to aqueous and acetone formulations.

3. Calpurnia aurea emulsifiable formulation revealed compatibility tivi M.

anisopliaewhen mixed together and not with AAAP.

4. The combination of an ethno-veterinary plant with antomopathogenic
fungus has demonstrated the prospects of the agprom attracting and
infecting ticks; thus, resulting in high mortaliby ticks.

5. This study demonstrates thisk anisopliaeformulated in emulsifiable plant
extract-baited traps could be a valuable approach anhancing

autodissemination of inoculum for the controRdfipicephalugicks.
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8.3 Recommendations
In the course of this study, various questionseradich may be subject for future

studies:

1. C. aureaused in this study originated from South Africaing&ys should be
conducted in other parts of Africa to identify tiplsint and investigate whether

the attractant properties to ticks are conserveasaaegions.

2. Attractive response studies Gf aureaextracts was primarily evaluated Bn
appendiculatusand R. pulchellusand should be extended to other species of

ticks in order to assess their potential.

3. Field testings are needed to demonstrate the efficd the approach in

controlling tick populations on large scale

4.  Screen other ethno-veterinary plants for repeklnéictant properties in order

to integrate them with other control agents.
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