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ABSTRACT

Chilo partellus (Swinhoe) is a major pest of maize and sorghum in East
Africa and indigenous natural enemies have been unable to maintain the pest
population at a level acceptable to farmers. In Kenya, a classical biological control
programme was initiated in an attempt to increase natural suppression of Chilo
partellus and other stemborers. To do this, a natural enemy of Chilo parfellus,
Cotesia flavipes Cameron (Hymenoptera: Braconidae), has been introduced into
Kenya from Pakistan since 1991. This work investigated the host and host habitat
location, the acceptability and suitability of Chilo partellus and indigenous
stemborer hosts forthe development of Cotesia flavipes and a local natural enemy,
Cotesia sesamiae (Cameron) (Hymenoptera: Braconidae), as well as the
semiochemicals involved in host finding.

The host selection process of the larval parasitoids Cotesia flavipes and
Cotesia sesamiae was studied inthe laboratory. Female parasitoids were attracted
to odours from uninfested maize, sorghum and napier grass in a Y-tube
olfactometer. In a dual choice test, the three plant species infested with Chilo
partellus, Chilo orichalcociliellus Strand, Busseola fusca (Fuller) or Sesamia
calamistis Hampson larvae were more attractive than uninfested plants. Cotesia
flavipes and Cotesia sesamiae did not show preference for any of the stemborer
species under study in dual choice tests. Odours from frass, produced by the four

stemborer species fed on maize, sorghum, and napier grass were attractive to
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both parasitoid species. Cotesia flavipes was more attracted to frass produced by
Chilo species than frass produced by B. fusca in dual choice tests. No preference
was observed in other combinations. Cotesia sesamiae was equally attracted to
all types of frass.

Attractive volatiles from infested plants were collected using activated
charcoal traps and were subjected to gas chromatography -electroantennography
(GC-EAD)and gas chromatography-mass  spectrometry (GC-MS). Twelve GC-EAD
active peaks were observed. Three of the peaks were identified as anisole, (E)-/7-
farnesene, and (Z)-3-hexenyl acetate. = Other chemicals identified from maize
infested with Chilo partellus included myrcene, 2-heptanone, 4,.-dimethyl-1,3,7-
nonatriene, (Z)-2-hexenal, (Z)-3-hexen-l-ol, cyclosativen, cedrene and a-copaene.

GC comparison of infested and uninfested maize seedlings showed a
quantitative and qualitative difference in the volatile composition.  Anisole, (E)-/?-
farnesene and 4,8-dimethyl-1,3,7-nonatriene were absent in the volatile collection
of uninfested maize. The chemical composition of the headspace of artificially
damaged maize seedlings treated with larval regurgitant was similar to that of
infested maize seedlings. Behavioural bioassays showed that Cotesia flavipes was
attracted to volatile extracts of infested and uninfested maize and that they were
attracted to synthetic anisole, (E)-/?-farnesene, (Z)-3-hexenyl acetate.

Chilo partellus, Chilo orichalcociliellus, B. fusca and S. calamistis, were
exposed to female of Cotesia flavipes and Cotesia sesamiae to assess their

acceptability for oviposition and suitability for the development of the parasitoids.



There were no differences in the acceptability of the four hosts exposed to Cotesia
flavipes. In contrast, Cotesia sesamiae preferred S. calamistis larvae (92%),
followed by the two Chilo species. Busseola fusca larvae were least attacked

(48.8%) by Cotesia sesamiae. The suitability of the four hosts also varied with the
parasitoid species. In B. fusca both parasitoid species did not develop and egg
encapsulation was observed.  Chilo partellus, Chilo orichalcocilielius and S.
calamistis were suitable hosts for the development of Cotesia flavipes. However,
a higher mortality of immature parasitoids was observed in S. calamistis as
compared to Chilo partellus. No differences were found in the mean number of
progeny per female, or the sex ratio. The most suitable host for Cotesia sesamiae
was S. calamistis, followed by the two Chilo species, which were equally suitable.

When third, fourth, fifthand sixth instars of Chilo partellus were exposed to Cotesia
flavipes females, third instars were less suitable than fourth, fifthor sixth instars as
measured by immature parasitoid mortality. Total haemocyte counts increased in
the blood counts in parasitized larvae two to six days after parasitization,

suggesting an active immune interaction between the suitable host, Chilo partellus,

and the invading parasitoids.



Vil

ACKNOWLEDGEMENTS

lacknowledge my employer, Ministry of Agriculture, Cameroon, forgranting
me a study leave to undertake this research project. This research was made
possible with a Fellowship from The International Centre of Insect Physiology and
Ecology (ICIPE) in collaboration with the German Academic Exchange Programme
(DAAD),and The Netherlands government under a collaborative project between
ICIPEand Wageningen Agricultural University entitled "Biological Control of Tsetse
and Crop Pests".

| am grateful to the Director of ICIPE, the African Regional Postgraduate
Programme in Insect Science (ARPPIS) coordinator, who offered me the
opportunity to undertake my research at ICIPE. | am most indebted to my
supervisors, Dr. W.A.Overholt (Project Leader ICIPE/WAU Project, ICIPE),Dr. W.
Lwande (Research Scientist, ICIPE), Dr. P.G.N. Njagi (Research Scientist, ICIPE),
Professor J.N. Ayertey (Head, Crop Science Department, University of Ghana,
Legon), who followed my progress through valuable discussions, constructive
criticisms, suggestions and encouragements. | am also grateful to Dr. W.
Budenberg who supervised the electrophysiological work until his departure from
ICIPE.

| deeply appreciate the helpful editorial assistance, the contribution in the
interpretation of various data and encouragements from Dr. B. Torto and Dr A.

Odulaja (Research Scientists, ICIPE). The editorial assistance of Dr. K. Takasu



and Mr. R. Potting are also greatly acknowledged.

I would like to thank Drs M. Dicke, L.E.M. Vet (Wageningen Agricultural
University, The Netherlands) and Prof. I. Addae-Mensah (University of Ghana) for
reviewing my work at various stages. lalso wish to thank Drs. J.W. Smith Jr. and
R. Wiedenmann of Texas A&M for providing me with the basic techniques in the
immunology study and their interest in my work.

The following persons provided chemical standards for this study: Dr. H.
Williams (Texas A&M University), Dr. J. Pickett (Rothamsthed Experimentation
Station, UK), Dr. M. Dicke, R. Potting (Wageningen Agricultural University).

I wish to thank staff of the ICIPE/WAU project, for their support, the Insect
and Animal Breeding Unit (IABU), for the supply of experimental insects, and those
of the various units at ICIPE for their technical assistance.

Ithank my many friends and relatives for making my stay in Kenya bearable.
My most sincere thanks go to the family of Dr. N.K. Maniania for their friendship
and hospitality throughout my stay in Kenya.

Finally, I wish to express my gratitude to my mother, Mrs. Ndjee Crescence

Solange, my brothers and my sister Aurelie, for their constant moral support.



COPYRIGHT

Allrights reserved. No part of this thesis may be reproduced, stored inany
retrieval system or transmitted in any form or by any means: electronic,
mechanical, photocopying, recording or otherwise, without prior written permission

of the author or the university.



X

TABLE OF CONTENTS

Title Page
THHlE PAOE i e e e e 1
DECIArAtION .ot i
[D7=To [ o} 1 o] o [PPSR TSP m
ADSITACT s Iv
ACKNOWIEAGEMEBNTS...uiiiii i e e e e vii
COPYHGNt e ¢
Table Of CONENTS ..o X
LiSt Of taD 1€ S i Xiv
LISt Of IQUIES e XV
TS o) 0] = L (= RS XXI

CHAPTER ONE
1.1 General INtrodUCLION oot e e 1

1.2 Objectives of the study ..o 10

CHAPTER TWO
2. LItErature rEVIEW ...t e s n

21 Host selection process in insect parasitoids  .......ccccceeeeeinees q

2.1.1 Host habitat location . 13



Xi

2.1.2  HOSEIOCALION e e

2.2 Isolation and identification of attractive allelochemicals

2.2.1 Plant-produced long range attractants (synomones) .............
2.2.2 Host-produced long range attractants (kairomones) .............
2.2.3 Host-produced short range attractants (kairomones) ............

2.3 Host acceptability and suitability for thedevelopment

Of ParasitoidsS oo
2.3.1 HOSt aCCePlanCe oo
2.3.2 Hostsuitability oo

CHAPTER THREE

3. General materials and methods .
31 INSECES oo
3.2 PIAaNTS s
3.3 BI0ASSAY SEL-UPS ittt
3.3.1 Y-tube olfactometer
3.3.2 T-tube olfactometer
3.3.3 Glass vial eXperiments .
3.4 Collection and analyses of volatiles .,
3.4.1 Collection of volatiles .o

3.4.2 Analyses of volatiles .

23

23

26

26

27

27

30

36

36

37

37

37

33

41

41

41

47



Xii

3.4.3 Gas chromatography-Electroantennography

3.5 Haemocyte count methods

CHAPTER FOUR
4. Response of Cotesia flavipes and Cotesia sesamiae
to plant-produced and host related allelochemicals
4.1 Introduction
4.2  Materials and methods  ..............
4.2.1 Response to volatiles from uninfested plants
4.2.2 Response to plants infested by different
stemborer species
4.2.3 Response to host frass
4.2.4 Response to stemborerlarvae
4.3 Results
4.3.1 Response to volatiles from uninfested plants
4.3.2 Response to plants infested by different
stemborer species
4.3.3 Response to host frass
4.3.4 Response to stemborerlarvae

4.4 Discussion

51

53

53

54

57

58

59

59

59

61

61

64



Xiii

CHAPTER FIVE

5. Isolation and identification of allelochemicals involved
in the host selection process of Cotesia flavipes

5.1 Introduction

..................................................................................... 82
5.2 Materials and methods ... 82
5.2.1 Volatile COIECHIONS ...cooiiiiiieeeeree e 83
5.2.2 Analyses of volatiles 88
5.2.3 Behavioural bioassays  ............. 87
5.3 RESUILS oo e 20
5.3.1 Analyses of volatiles .. 90
5.3.2 Behavioural bioassays ..o 92
5.4 DISCUSSION  oooiiiiiiiiiiiiiee sttt 93
CHAPTER SIX
6. Acceptabilityand suitability of selected African stem-

borers for the development of Cotesia flavipes and

Cotesia sesamiae.
6.1 INtrOAUCTION  ..oiiiiiiei e 128
6.2. Materials andmethods ..o 130
6.3 RESUIIS e 132

(ST S B 1Yo U [=1= o] o KRR 137



Xiv

CHAPTER SEVEN

7. General discussion and conclusions ..., 152
REFEIENCES e 159
Y o] 01T o Lo [ o7 PSSR 201
LIST OF TABLES

Table 2 Infochemical terminology (Dicke and Sabelis

1988a)
Table 3 Treatment schedule for the total haemocyte

COUNES oot e e e e e e e e ee e e e e e e e e e e eeeeaaaeeas 50
Table 4.1 Acceptability of washed and unwashed larvae

for parasitization by Cotesia flavipes  ..cooviiiviie v, 62
Table 4.2 Acceptability of washed and unwashed larvae

for parasitization by Cotesia sesamiae ..........cccceceeeenennne. 63
Table 5.1 Compounds identified in the headspace of maize

seedlings in different treatments .......ccccccciviiiii e, 101
Table 5.2 Compounds identified in volatiles trapped from

2-3 months old maize plants infested with

Chilo partellus larvae .o 109

Table 6.1  Acceptability of four stemborer species for
parasitization by Cotesia flavipes.......cccccvvvivviieciie v, 142



XV

Table 6.2 Acceptability of four stemborer species for
parasitization by Cotesia sesamiae  .......ccccceveeeinenne 143

Table 6.3 Host suitability of various stemborers for the
development of Cotesia flavipes ......cccccvviiiiiiiiviecinns 144

Table 6.4  Host fate after parasitization by Cotesia flavipes 145

Table 6.5 Host suitability of various stemborers for the
development of Cotesia sesamiae  .....ccccoceveevvnneen, 146

Table 6.6 Host fate after parasitization by Cotesia sesamiae 147
Table 6.7  Age suitability for the development of Cotesia

flavipes on Chilo partellus .......ccccocoveviievieeice e, 148
Table 6.8 Host fate after parasitization by Cotesia flavipes 149

LIST OF FIGURES

Figure 1.1  Distribution of 4 major stemborer species in

Kenya(Nye, 1960) ....ccocciriieieiiiiee et 4
Figure 3.1 A schematic representation of the Y-tube

OlfaCtOM LT . e 39
Figure 3.2 A schematic diagram of the T-tube olfactometer 40
Figure 3.3 Push-pull volatile collection system ... 43
Figure 3.4 Odour collection system using compressed air............... 45

Figure 3.5 Glass chamber for collection of volatiles from
FRASS i 46

Figure 4.1 Response of Cotesia flavipes and Cotesia sesamiae
to odours from uninfested plants: (I) maize,
(1) sorghum, and (lll) napier grass in a Y-tube
olfactometer. *** =P < 0.005; ** = P <0.01;
* = P <0.05; ns = not significant..........cccoceceeviiieenencnnns 71



Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Response of Cotesia flavipes and Cotesia sesamiae

to odours from uninfested plants in two choice
experiments in the Y-tube olfactometer. (I) Maize
versus sorghum, (II) Maize versus napier grass.

*** P <0.005; *=P<0.01; *=P <0.05;

NS = N0t SigNIfiCaNnt........ccoviiiie e

Response of Cotesia flavipes to odours from

uninfested plants in the Y-tube olfactometer.

(I) cowpea versus clean air. (Il) cowpea versus

maize, ns = non significant. ...,

Response of Cotesia flavipes and Cotesia sesamiae

to odours from maize plants infested with (I) Chilo
partellus, (II) Chilo orichalcociliellus. (Ill) S. calamistis
and uninfested maize plants in the Y-tube olfactometer.
¥k = P <0.005 *=P<0.01;*=P<0.05....ccceeiiiiiinne.

Response of Cotesia flavipes and Cotesia sesamiae,

in the Y-tube olfactometer, to odours from infested
maize in two choice tests: (I) maize infested with

2 Chilo partellus larvae versus maize infested with

2 Chilo orichalcociliellus larvae. (ll) maize infested

with 2 Chilo partellus larvae versus maize infested

with 2 S. calamistis larvae. *** = p < 0.005;

** = pmxo0.01; * = P <0.05; ns =not significant ..........

Choice by Cotesia flavipes in the Y-tube olfactometer
between odours from maize plants infested with
different stemborers species at different densities.

** = P <0.005 *=P<0.01= P<0.05

ns = not significant.

Choice by Cotesia sesamiae in the Y-tube
olfactometer, between odours from maize plants
infested by two or ten stemborers. ns = not significant ..



Figure 4.8  Choice by Cotesia sesamiae in the Y-tube
olfactometer between odours from: (I) maize plants
infested with B. fusca larvae and uninfested maize;
(I maize plants infested with 2 Chilo partellus larvae
and 2 B. fusca larvae; (Ill) Maize plants infested
with 10 Chilo partellus larvae and 2 B. fusca larvae.
¥k P<0.005 *=P<001;*=P<0.05.cccciiiiinrirnn.

Figure 4.9 Choice by Cotesia flavipes in the Y-tube olfactometer
between odours from : (I) maize infested with
Chilo partellus and uninfested cowpea; (ll) maize
infested with Chilo partellus and cowpea infested
with M. testulalis. *** = p < 0.005; ** = P < 0.01;

F o P < 0,05 e

Figure 4.10 Response of Cotesia flavipes and Cotesia sesamiae
to odours from frass produced by different stemborer
species fed on maize, sorghum, and napier grass
in the T-tube olfactometer. C.P.= Chilo partellus’,
C.0.= Chilo orichalcocilielius', S.C.= S. calamistis',
B.F.= B. fusca. All frass were highly attractive................

Figure 4.11 Response of Cotesia flavipes and Cotesia sesamiae
to odours from frass produced by different
stemborer species fed on maize in the T-tube
olfactometer (dual choice). P = Chilo partellus]

O = Chilo orichalcocilielius’, C = S. calamistis;

F=B.fusca. * =P <0.05 .cccooiiiieiire e
Figure 51  Gas chromatograms of volatiles released by:

(A) uninfested maize seedlings (UNINFES);

(B) maize seedlings infested with Chilo partellus

(PHC-L). Chromatograms were obtained by

analyses of volatiles on a 50 m Carbowax column

after 4 hours of collection. Peak numbers

correspond to compounds in Table 5.2........ccocciieeeennnns

Figure 5.2 Gas chromatograms of volatiles released by:
(A) undamaged maize seedlings (UNINFES);
(B) maize seedlings treated with regurgitant
of Chilo partellus (PHC-R). Chromatograms were
obtained by analyses of volatiles on a 50 m
Carbowax column after 4 hours of collection....................



Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

XViii

Gas chromatograms of volatiles released by

(A) maize stem infested with Chilo partellus

larvae (PHC-S); (B) uninfested maize stem

(UNINFES-S). Chromatograms were obtained by

analyses of volatiles on a 50 m Methyl

silicone column, after 4 hours of collection.

IS = internal standard, dodecane. 102

Gas chromatograms of volatiles released

by frass produced by (A) Chilo partellus fed

on maize stem; (B) B. fusca fed on maize

stem. Analyses were done after 4 hours

of collection on a 50 m methyl silicone

column. IS = internal standard, dodecane...............c........ 103

Gas chromatograms of volatiles released by

frass produced by (A) Chilo partellus larvae

fed on maize stem; (B) S. calamistis larvae

fed on maize. Analyses were done after 4

hours of collection on a 50 m methyl silicone

column. AB = peak only present in large

guantities in frass of S. calamistis.

IS = internal standard, dodecane. ... 104

GC-EAD trace showing EAG responses of

a Cotesia flavipes antenna to corresponding

gas chromatogram of volatile components

from 2-3 month old maize infested with

Chilo partellus larvae. Analyses done on

a 50 m Carbowax column after 24 hours

(o] oo ] 1= ox 1 o o A PRRR 105

EAG response (arrow) to synthetic chemicals:
(A) (2)-3-hexenyl acetate; (B) anisole in
GC-EAD reCOrdiNg...c.cceeiiiiieeiiiiee ittt 106

EAG response to synthetic chemicals:

(A) (E)-P-farnesene; (B) linalool in GC-EAD
(=T oT0Y (o 11 o Lo PR SPPRSR 107



XiX

Figure 5.9  GC chromatogram and MS (Figures 5.10a-5.10j)
of volatiles from maize plants infested with Chilo
partellus. Peak numbers correspond to numbers
given in Table 5.2, ... 108

Figure 5.10a Mass spectra of myrcene: (a) authentic sample
(MW=136); (b) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B). 110

Figure 5.10b Mass spectra of 2-heptanone: (a) authentic sample
(MW=114); (b) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B). 111

Figure 5.10c Mass spectra of 4,8-dimethyl,-1,3,7-nonatriene:
(a) authentic sample; (b) compound from volatiles
collected from maize infested with Chilo partellus
(ad (O = USSP RPPPR 112

Figure 5.10d Mass spectra of authentic samples of (a)
(E)-2-hexenal;(b) (Z)-3-hexenyl acetate;
and (c) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B). 113

Figure 5.10e Mass spectra of (Z)-3-hexen-1-ol: (a) authentic
sample; (b) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B). 114

Figure 5.1 Of Mass spectra of anisole: (a) authentic sample;
(b) compound from volatiles collected from maize
infested with Chilo partellus (PHC-B)........cc..ccovevevvevveennnen. 115

Figure 5.10g Mass spectra of cyclosativen: (a) authentic
sample; (b) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B) 116

Figure 5.1 Oh Mass spectra of a-copaene: (a) authentic sample;
(b) compound from volatiles collected from maize
infested with Chilo partellus (PHC-B).....ccccocovviiiiiinns 117

Figure 5.10i Mass spectra of cedrene: (a) authentic sample;
(b) compound from volatiles collected from maize
infested with Chilo partellus (PHC-B)......ccccceveiieeneeiee. 118



Figure 5.1Q

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

Figure 5.15

Figure 5.16

Figure 5.17

XX

Mass spectra of (E)-P-farnesene: (a) authentic
sample; (b) compound from volatiles collected
from maize infested with Chilo partellus (PHC-B)

Response of Cotesia flavipes in the Y-tube

olfactometer to volatiles collected from 2-3 month

old maize infested with Chilo partellus larvae.

=P < 0.005. e

Response of Cotesia flavipes in the T-tube
olfactometer to volatiles collected from maize

seedlings infested with larvae of Chilo partellus
(PHC-L) and uninfested maize seedlings

(UNDAM). *** =P <0.005; * =P < 0.01..ccccccvvrrrirrnennnn

Response of Cotesia flavipes, in the T-tube
olfactometer, to mixtures of chemicals.

FAR = (E)-P-farnesene; HA = (Z)-3-hexenyl acetate;
LIN = linalool. ' = P < 0.05.

Response of Cotesia flavipes to three synthetic
compounds viz., (Z)-3-hexenyl acetate, anisole,

and (E)-farnesene, in the T-tube olfactometer.

= P<0.0L; *Z P<0.05 i

Response of Cotesia flavipes, in the T-tube
olfactometer, to mixtures of 10 chemicals (myrcene,
2-heptanone, 4,8-dimethyl-1,3,7-nonatriene,
(2)-3-hexenyl acetate, anisole, (Z)-3-hexen-1-ol,
cyclosativen, a-copaene, cedrene, and (E)-farnesene)
at two doses 1.0 and 10 pg. *** = p < 0.005;

ns = not significant. ...

Response of Cotesia flavipes, in the T-tube
olfactometer, to synthetic 4,8-dimethyl-1,3,7-nonatriene
at 250, 500, and 1000 ng doses. * =P <0.05......c.........

Response of Cotesia flavipes, in the T-tube
olfactometer, to selected synthetic chemicals at
doses of 0.5, 5, 10, and 25 Pg....cccccvvrveerniieernnnnn

119

120

121

122

123

124

125

126



XXi

Figure 5.18 Response of Cotesia flavipes, in the T-tube

olfactometer, to selected synthetic chemicals at

doses 0of 0.5, 5, 10, and 25 pg.*=P<0.05....cccccccveerrnnns 127
Figure 6.1  Total haemocyte counts of parasitized and

unparasitized larvae of Chilo partellus different

times after parasitization within 24 hrs........cccccceeiiieens 150
Figure 6.2 Total haemocyte count of parasitized and

unparasitized larvae of Chilo partellus different
days after parasitization.........cccccovveeeiiiieiiinie e 151

LIST OF PLATES

Plate 1 Egg of Cotesia flavipes encapsulated in a

B. fUSCA 1arVae e 136



1
CHAPTER ONE

11 General introduction

In Africasouth of the Sahara, sorghum and maize are among the main food
crops (Hill,1983; Dogget, 1988; CIMMYT,1992). In Kenya alone, nearly 1,500,000
hectares of maize are under cultivation (FAO, 1991). Maize and sorghum are also
used for making flour, beer, as building materials, as a fuel source and as food for
livestock. The production of maize and sorghum is low due to several constraints
including, climatic factors, plant diseases, weeds and damage due to insect pests.

In the tropics, over 150 species of insect pests are known to damage these
two crops (Ingram, 1958; Mohyuddin and Greathead, 1970; Young and Teetes,
1977; Seshu Reddy and Davies, 1979; Hill, 1983; Seshu Reddy, 1991).
Lepidopteran stemborers are generally considered to be the most important.
Plant injury by stemborers is caused by larvae feeding in the plant’s whorl and later
through stem tunneling. Infested plants have poor growth, reduced yield and are
more susceptible to lodging and secondary infections. Atthe early stage of plant
growth a heavy infestation can cause ’dead hearts’ and sometimes lead to total
crop failure. Losses due to stemborers as high as 88-100% in sorghum, and 23-
100% in maize have been reported (Whealey, 1961; Seshu Reddy, 1983, 1988;
Ampofo, 1986; Seshu Reddy and Walker, 1990). Several species of noctuid and

pyralid stemborers occur in mainland Africaand, with exception of Chilo partellus
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(Swinhoe) (Lepidoptera: Pyralidae), all are thought to be indigenous.  Chilo
partellus, which is native to Asia, was first reported in Africain the early 1930’s in
Malawi (Tams, 1932), and was later recorded in Uganda (Ingram, 1958) and
Tanzania (Duerdon, 1953). By 1977, the distribution included Ethiopia, Kenya,
Malawi, Mozambique, Somalia, South Africa, Sudan, Tanzania and Uganda (CAB,
1987). Chilo partellus is still spreading; Botswana, Swaziland, Togo and
Cameroon have been added to the list of invaded areas more recently (IAPSC,
1985; Harris, 1990). The authenticity of the West African reports is questionable
because recent surveys in the region failed to recover Chilo partellus (Bosque-
Perez and Mareck, 1990; Schulthess etal., 1991; Shanower efa/.,1991; Gounou
etal., 1993).

Chilo orichalcociliellus Strand is an important native stemborer in coastal
East Africa(Warui and Kuria, 1983) and itis also found in several African countries
including Zaire, Malawi, Kenya, South Africa, and Madagascar at altitudes below
600 m (Bleszynski, 1970; Delobel, 1975). On the Kenyan coast, Chilo
orichalcociliellus was the predominant pyralid stemborer before about 1970, but
appears to becoming progressively less important, possibly due to displacement
by Chilo partellus (Overholt et al., 1994b).

In addition to Chilo orichalcociliellus, several other indigenous stemborers
are considered to be economically important, including the noctuids Sesamia
calamistis Hampson and Busseola fusca Fuller, which occur throughout sub-

Saharan Africa. In East Africa, S. fusca is mainly found at higher altitudes (>600
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m) (Nye, 1960; Sithole, 1989). It is the predominant stemborer species in the
western and central parts of Kenya (Figure 1.1).

Stemborer larvae feed in communities of wild and cultivated grasses which
have stem sufficiently large to accommodate stemborer feeding behaviour (Harris,
1990). In addition to grasses, sedges (Cyperaceae) and cat-tails (Typhaceae) are
important wildhost plants ofsome stemborers (Jepson, 1954; Seshu Reddy, 1989;
Conlong, 1990). Native grass, sedges and cat-tails are presumably the aboriginal
host plants for indigenous stemborers in Africa, and many species are attacked.
However, densities in wild hosts do not reach the levels observed in cultivated
crops (Mathez, 1972). The introduction and widespread cultivation of maize in
Africa (Purseglove, 1972) is likely to have had an impact on the abundance of
graminaceous stemborers by providing a highly nutritious and readily available
food source with little inherent resistance to stemborers (Overholt, 1994).

Various control measures have been used inattempts to reduce the losses
due to these stemborers, including chemical control, cultural practices, the use of
host plant resistance, and biological control. Noctuid stemborers have been
controlled with insecticidal dusts applied against young larvae entering the plants
(Swaine, 1957; Walker, 1961), but this method is not often economical for
subsistence farmers. Although insecticides may be effective, they are expensive
and their application must be precisely timed to control borers before they enter

the stalk (Mathez, 1972; Ingram, 1983).



Stemborer species

1 - Busseola fusca

2 - Sesamia calamistis

3 - Chilo partellus

4 - Chilo orichalcociliellus

Elevation (meters)

Over 2000

- 1000-2000
=500 - 1000

= under 500

, 100 km

Figure 1.1 Distribution of 4 major stemborer species in Kenya (Nye, 1960)
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Cultural practices have been attempted with limited success.  Attempts
include the destruction of crop residues after harvest by farmers (Minja, 1990),
destruction of wild host plants in the proximity of fields (Ingram, 1958), and
intercropping (Minja, 1990; Pats, 1994).

Varietal resistance to attack by borers may also reduce the intensity of
infestation by stemborers (Saxena et al., 1992).  However, agronomically
acceptable varieties with adequate levels of stemborer resistance are not yet
available (Leuschner et al., 1985; Nwanze and Youm, 1994).

For the purpose of biological control, the role of local parasitoids and
predators in suppressing stemborer populations in East Africahas been examined,
and some species of natural enemies have been identified, including several
species of larval and pupal parasitoids (Mohyuddin, 1970; Ingram, 1983;
Mohyuddin, 1990; Overholt, 1994). Cotesia sesamiae is the most common larval
parasitoid and is widely distributed in Africa (Mohyuddin, 1990; Polaszek and
Walker, 1991) where it attacks Chilo partellus, Eldana saccharina (Walker),
Maliarpha separatella Ragonot, S. calamistis, and B. fusca (Mohyuddin, 1971,
Shami and Mohyuddin, 1986; Polaszek and Walker, 1991). The biology of this
insect has been studied by Ullyett (1935) and Mohyuddin (1971). Cotesia
sesamiae does not appear to effectively regulate Chilo partellus populations in
Kenya (Oloo, 1989; Oloo and Ogeda, 1990; Overholt et al., 1994a). In Africa, there
are few reports of augmentation biological control using natural enemies. Most

studies have concentrated on the bionomics and biology of parasitoids and
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predators (Bahana, 1985, 1987; Ochiel, 1989). Lu (1988) studying the dispersal

of Trichogramma sp. nr. mwanzai, in Western Kenya, reported that this parasitoid
had a good potential for inundative release. However, subsequent field and caged
experiments showed that the parasitoid had a poor searching ability resulting in
very low parasitism (Chacko and Ogedah, 1990; Dwumfour and Chacko, 1990).

Augmentation biological control using pathogens has also been attempted.
Recent work at the ICIPE has demonstrated the potential use of the microsporidian
protozoan, Nosema sp., which led to an 80% increase in yield on experimental
plots when plants were artificially infested with Chilo partellus larvae (Odindo,
1991). In glass house experiments, yields of sorghum protected with a spray of
a local isolate of Bacillus thuringiensis Beliner were fiveto seven times higher than
those from unprotected sorghum (Brownbridge, 1991). In laboratory experiments,
eggs of Chilo partellus were reported to be susceptible to some ICIPE isolates of
Beauveria bassiana Vuillemin, Metarhizium anisopliae Sorokin and Paecilomyces
fumosoroseus Brown and Smith (Maniania, 1991).

Classical biological control which utilizes exotic natural enemies to regulate
pest populations (DeBach and Rosen, 1991) has also been attempted against
stemborers in Africa (Moutia and Courtois, 1952; Betbeder-Matibet and Malinge,
1968; Appert etal., 1969; Greathead, 1971; Bordat 1983; Kfir, 1994; Overholt,
1994). The most commonly released parasitoid has been Cotesia flavipes which
is indigenous to the Indo-Australian region where itattacks a number ofpyralid and

noctuid stemborers (Mohyuddin, 1971; 1978; 1989; 1990). Cotesia flavipes has
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been introduced into many countries including Pakistan, India, Brazil, Madagascar,
Barbados, Peru, Gaudeloupe, Bahamas, Mauritius, USA, Ghana, Ivory Coast and
Senegal, with variable levels of success (Greathead, 1971; Mohyuddin, 1971: Alam
efal., 1972; Simmonds, 1974; Attique et al., 1980; Macedo efa/.,1984; Breniere
ef al., 1985; Youm ef al., 1988).

The biology of Cotesia flavipes has been studied by several workers (Moutia
and Courtois, 1952; Li, 1965; Gifford and Mann, 1967; Kajita and Drake, 19609;
Subba Rao efa/., 1969; Mohyuddin, 1971; Shami, 1990). Briefly, the adult Cotesia
flavipes is a small wasp about 3-4 mm in length which lives for only a few days.
Females lay about 15-65 eggs within the host body and eggs hatch after three
days. The larvae develop through 3 instars within the host where they feed on
body fluids. The egg-larval period is 10-15 days. The last instar of the parasitoid
emerge from the host by chewing their way through the stemborer integument,
after which they immediately spin cocoons and pupate. Adult parasitoids emerge
about six days later.

Biological control of introduced stemborers using exotic parasitoids, has
been highly successful in some countries (Alam ef al., 1972; Attique ef al., 1980;
Macedo ef al.,, 1984; Youm et al., 1988). The success of classical biological
control agents has been attributed in part to the high searching efficiency of the
natural enemy for its host. The ability of a natural enemy to locate a suitable host
in a complex environment is critical to its successful establishment in a new

environment (Nordlund efa/.,1988). Itis known that both the host and host plants
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play an important role in host selection by parasitoids and chemicals emanating
from the host plant are utilized by parasitoids in locating and recognizing their host
(Nordlund, 1981). Volatile chemicals that attract parasitoids over long and short
distances could be emitted by the host habitat, the host itself or by host by-
products, such as faeces, silk and honeydew. Knowledge of the nature of these
chemicals and their role in host location and recognition is important in the
effective design of biological control programmes (Lewis and Martin, 1990) and
may also assist in understanding the factors underlying the eventual success or
failure of a biological control programme.

A programme to introduce Cotesia flavipes into Kenya for the control of
Chilo partellus was initiated in 1991. The efficiency of Cotesia flavipes in
controlling stemborers may depend on its ability to establish in wild grasses and
periodically invading cultivated grasses during the growing season. Additionally,
italso depends on the degree to which the parasitoid is able to find its hosts and
successfully parasitize them. Some aspects of the host selection behaviour of
Cotesia flavipes have been examined (Mohyuddin etal., 1981; Inayatullah, 1983;
Van Leerdam efa/.,1985; Shami and Mohyuddin, 1992; Potting efa/.,1993). Most
of these studies investigated the effect of stemborer diet on host and host plant
preference of the parasitoids with respect to attraction to different volatile
emanations from frass (Mohyuddin ef al., 1981; Inayatullah, 1983; Shami and
Mohyuddin, 1992). Recent studies by Potting ef al. (1995) have indicated that

Cotesia flavipes was attracted to leaves and infested maize stems, although odours
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from infested stems attracted the majority of the parasitoids. However, no
attempts were made to elucidate the sources and/or characterize the nature and
the role of the attractive allelochemicals involved in the host selection behaviour of
Cotesia flavipes. Long range and short range chemical cues used by Cotesia
flavipes during the host location process have not been identified. Aftersuccessful

location of the host, itis not known whether the indigenous African stemborers

would be acceptable or suitable for the development of the exotic parasitoid. On
the other hand, itis not clear why Cotesia sesamiae is not able to keep Chilo
partellus populations at low levels. Bennett (1993) suggested that a native
parasitoid, Apanteles diatraeae Muesebeck (Hymenoptera: Braconidae), may have
been extirpated from maize ecosystem in Trinidad when the ecologically similar
species, Cotesia flavipes was introduced for the biological control of Diatraea
saccharalis (F.), in sugarcane, but that A. diatraeae is probably still found in other
habitats.  Cotesia flavipes and Cotesia sesamiae are also ecologically similar
species that are thought to be closely related (Polaszek and Walker, 1991).
However, the degree of competition between the two species, and the likely result
of the competition are unknown. Therefore, studies on host habitat finding, host
finding, host acceptance and suitability willprovide information on the amount of
niche overlap between the two species. These investigations willshed lighton the

factors that influence the foraging behaviour of these two parasitoids.
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1.2 Objectives:

The main objectives of the present study are to investigate the host
selection process of Cotesia flavipes, and to conduct a comparative study of the
suitability of exotic and indigenous stemborers for the development of Cotesia

flavipes and Cotesia sesamiae.

Specific objectives

1 Study of the host selection process of Cotesia flavipes and Cotesia
sesamiae.

2. Isolation and identification of infochemicals involved in the host selection
process of Cotesia flavipes.

3. Investigation of the acceptability of four African stemborers for parasitization
by Cotesia flavipes and Cotesia sesamiae.

4. Examination the suitability of the above four stemborers for the development

of Cotesia flavipes and Cotesia sesamiae.
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CHAPTER TWO

2. Literature review
21 Host selection process in insect parasitoids

The selection of the most effective species or strain of entomophagous
insects for use in classical biological control is critical to the success of the
programme (Nordlund efa/.,1988). Although extensive biological data are often
used in selecting the best candidates (Waage, 1990), micro-habitat preference is
not generally considered (Nordlund ef al., 1988). Tritrophic interactions involving
plants, herbivores, and natural enemies are, to a large extent, intricate arrays of
chemical substances referred to as allelochemicals. Plant substances involved in
communication can have direct and/or indirect, and beneficial or detrimental
effects on herbivores and their natural enemies.  Likewise, substances from
herbivores and their natural enemies can influence other trophic levels. Elucidating
these complex relationships of allelochemicals not only increase our
understanding,  but also provides potential for the manipulation of these
communication systems (Whitman, 1988).

Since the early reviews of Salt (1935), Flanders (1953), and Doutt (1964),
the understanding of the host selection process of insect parasitoids has greatly
expanded (Vinson, 1991; Vetand Dicke, 1992; Godfray, 1994). Information about
the complex factors that result in a host being located and successfully attacked

is, however, inadequate. The stimuli utilized by a female parasitoid are many and
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varied, and the behaviour they elicit in various species of parasitoids are equally
varied. The nature of the stimuli depends on the biological characteristics and the
life strategies of the host, as well as on the morphological, physiological and
behavioural characteristics of the parasitoid under study (Vinson, 1991).
Semiochemicals are chemicals that mediate inter- and intraspecific
interactions (Nordlund, 1981). These semiochemicals are divided into two groups:
pheromones, which mediate interactions between organisms ofthe same species,
and allelochemicals, which mediate interspecific interactions (Nordlund and Lewis,
1976). These chemicals have been categorized, based on the nature of the
interaction (producer/acquirer) and cost benefit analysis (Nordlund and Lewis,
1976; Dicke and Sabelis, 1988a). Dicke and Sabelis (1988a) proposed the term
"infochemicals™ for information conveying chemicals. The infochemical terminology

is given in Table 2.

Table 2 Infochemical terminology (Dicke and Sabelis, 1988a)

INFOCHEMICAL: A chemical that, in the natural context, conveys information in
an interaction between two individuals, evoking in the receiver a behavioural or a
physiological response that is adaptive to either of the interactants or both.

PHEROMONE: An infochemical that mediates an interaction between organisms
of the same species whereby the benefit is to the origin-related organism ((+,-
)pheromone), to the receiver ((-,+)pheromone), or both ((+,+)pheromone).

ALLELOCHEMICALS:AnN infochemical that mediates an interaction between two
individuals that belong to different species.

ALLOMONE: An allelochemical that is pertinent to the biology of an organism
(organism ) and that, when itcontacts an individual of another species (organism
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. ) evokes in the receiver a behavioural or physiological response that is adaptively
favourable to organism . but not to organism . .

KAIROMONE: An allelochemical that is pertinent to the biology of an organism
(organism ) and that, when itcontacts an individual of another species (organism
. ) evokes inthe receiver a behavioural or physiological response that is adaptively
favourable to organism . but not to organism ..

SYNOMOME: An allelochemical that is pertinent to the biology of an organism
(organism ) and that, when itcontacts an individual of another species (organism

. ) evokes in the receiver a behavioural or physiological response that is adaptively
favourable to both organism . and ..

The chemical cues utilized by parasitoids and the behavioural sequences
they elicithave been discussed by various authors (Whittaker, 1970; Vinson, 1976,
1985; Arthur, 1981; Jones, 1981; Weseloh, 1981; Van Alphen and Vet, 1986;
Kainoh, 1990). Doutt (1964) divided the process oflocating and parasitizing hosts
by parasitoids into three steps: (.) location of the host habitat, (.) location of the
host, and (3) acceptance of the host. Infochemicals may be utilized in all these

steps.

2.1.1 Host habitat location

Habitat location by searching parasitoids may be influenced by different
stimuli from several sources, the first to be encountered being those in the
environment in which the adult parasitoids emerge (Vinson, 1985; Van Alphen and
Vet, 1986). Vinson (1991) suggested that physical factors such as temperature,
light, wind and humidity play a major role in causing parasitoids to aggregate ina

particular microhabitat, thus influencing host selection. Other factors involved in
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habitat location include biological factors, such as adult food sources, refuge sites,
and the presence or absence of competitors as well as predators, each of which
plays a role in the distribution of parasitoids in a particular habitat. However,
chemical stimuli are considered the most important cues utilized by parasitoids
during foraging.

The complex of volatile stimuli released may depend on the physiological
state of the plant (Hedin, 1976), including age or health (Denno and Me Clure,
1983), and also the cultivar (Elzen etal., 1985). Chemicals emanating from these
habitats and associated organisms may result in an accumulation of parasitoids.
Chemical extracts of weeds were shown to increase parasitism of Heliothis sp. in
cotton (Altieri ef a/., 1981). However, the chemical nature and behavioural
specificity of these cues have not been characterized (Vinson, 1991).

Flower scents attract and/or arrest movement of potential natural enemies
of herbivores (Whitman, 1988). Many natural enemies are carnivorous only as
larvae, while as adults they require nutrition from flowers (Leius, 1967; Shahjahan,
1974; Lewis and Nordlund, 1985, Whitman, 1988). Plant pollen and nectar
increase longevity and fecundity of many parasitoids, resulting in greater herbivore
mortality (Whitman, 1988).

Plant produced synomones (long range attractants) have been reported in
several systems (Read efa/.,1970; Vinson etal., 1975; Powell and Zhang Zhi-Li,
1983; Elzen efa/.,1983, 1984, 1986; Martin ef a/., 1990; Takabayashi and Dicke,

1992). For example, Vinson ef al. (1975) observed Cardiochiles nigriceps Viereck
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searching host-free tobacco plants. Martin ef al. (1990) reported that females of
Eucelatoria bryani Sabrosky, a parasitoid of Heliothis spp., responded to volatiles
emanating from 13 out of the 19 fresh plant materials tested, all of which were food
sources for Heliothis spp.. Response of parasitoids to whole cotton plant odours
and odours from different plant parts have been reported by Elzen et al. (1983,
1986, 1987), Baehrecke ef al. (1990), McAuslane ef al. (1990, 1991) and Vinson
and Williams (1991). Plant cultivars are known to differ in the production of
entomophage  attracting synomones. For example, genetically similar cotton
cultivars produce different quantities of terpenes that are attractive to parasitoids
(Elzen ef al., 1985, 1986; Van Emden, 1986). Naive, Macrocentus grandii
Goidanich, a larval parasitoid of the European com borer Ostrinia nubilalis Hubner
was attracted to numerous plant species, including its host food (maize) (Ding ef
al., 1989). Takabayashi and Dicke (1992) reported similar observations in their
work with predatory mites. They observed that Phytoseiulus persimilis Athias-
Henriot was attracted to volatiles from tomato leaves and limabean leaves but did

not respond to volatiles from cucumber leaves or leaves from Solanum spp.

2.1.2 Host location

Host location has been defined as the perception and orientation by
parasitoids to their hosts from a distance, by responding to stimuli originating from
the host or from host products (Weseloh, 1981; Lewis and Martin, 1990; Godfray,

1994). This step of the host selection process involves long distance volatile
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compounds and short range chemical stimuli originating from the host habitat and
for hosts. Long range attractants could be released from the host food, the host
communication system or by organisms associated with the host. Short range
attractants may be released by the host or from host products.

The utilization of the chemical information by natural enemies depends on
their detectability and reliability (Vet and Dicke, 1992). Chemicals from the
herbivore are the most reliable indicators of the herbivore’s presence and identity.
However, these chemicals appear to have a low detectability at some distance (Vet
and Dicke, 1992). On the other hand, chemicals from the host’s food plants are
more detectable at a distance because of the larger biomass of plants relative to
the herbivores. However, information on the presence of food is generally not very
reliable in indicating the presence of herbivores (Vinson, 1981). Thus, natural
enemies are confronted with a ’reliability/detectability’ problem (Vet ef al. 1991,
Vet and Dicke 1992). To counter this problem some parasitoids have adopted one
of two strategies: response to herbivore-induced plant volatiles (Dicke, 1994), or
associative learning in which volatiles emanating from the by-products of herbivore
feeding activity act as kairomones (Vet and Dicke, 1992). Natural enemies may
also cope with the complexity of the sensory information they receive from the
environment by focussing on a limited set of chemicals that, through experience,
have been shown to be characteristic of a particular plant-herbivore combination

(Van Alphen and Vet, 1986; Lewis and Tumlinson, 1988; Vet and Groenewold,

1990; Turlings et al., 1990a, 1991a).
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Response to host food.

Natural enemies of herbivores respond to their host’s food, particularly when
itis being fed on by the host. Food plants generally release odours that attract the
third trophic level. Natural enemies are able to discriminate between odours
emitted by uninfested plants and plants infested by their host (herbivore). It has
been demonstrated that the chemical stimuli involved are not emitted by the
herbivore, but by the plant after being damaged by the herbivore (eg. Roth etal.,
1982; Sabelis efa/.,1984; Vet, 1985; Dicke and Sabelis, 1988b; Ellerefal. 1988ab;
Dicke etal. 1989, 1990a b; Whitman and Eller, 1990; Turlings etal., 1990b, 1991b;
Steinberg etal. 1992, 1993; Agelopoulos and Keller, 1994a; Mattiaci etal., 1994).
Eller ef al. (1988a,b) reported that volatiles collected from a herbivore-plant
complex placed on filter paper elicited positive responses from Micropletis
croceipes (Cresson). Insingle and dual choice tests conducted in a flighttunnel,
females of the larval parasitoid Cotesia marginiventris (Cresson) were mostly
attracted by volatiles emitted by plants damaged by its host larvae, the beet
armyworm Spodoptera exigua (Hubner) (Turlings ef al., 1991a). Damaged plants
from which larvae and frass had been removed (=damage alone), frass alone,
artificiallydamaged plants or larvae alone were less attractive than the host-plant
complex (plant with feeding larvae). Similarly,a flightchamber experiment showed
that the larval parasitoid Cotesia glomerata (L.) was more attracted to cabbage

plants infested with its host, Pieris brassicae L. than uninfested plants (Steinberg
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et al.,, 1993). The larvae and their faeces were more attractive than uninfested
plants, but far less attractive than artificially damaged and herbivore damaged
plants.  Uninfested plants were the least attractive. In a Y-tube olfactometer,
Cotesia flavipes exhibited a preference for maize stems with feeding stemborers
over artificially damaged maize stems, larvae alone, frass or uninfested maize
stems. Maize stems infested with stemborers and damaged maize stems with
stemborers removed (damage alone) were equally attractive (Potting ef al., 1995).
Artificiallydamaged plants have been shown to be more attractive than
undamaged plants (Elzen ef al., 1983, 1987; Elleretal., 1988a,b; Ding etal., 1989;
Turlings et al., 1990b; McAuslane ef al., 1991; Steinberg efa/.,1993). Loke etal.
(1983), studying the influence of fall armyworm larvae and com plant damage on
host finding by Cotesia marginiventris, reported that this parasitoid was attracted
to odours from artificiallydamaged com plants. Eller etal. (1988a) also reported
that artificiallydamaged leaves elicited positive responses from M. croceipes.
Research conducted during the past ten years has demonstrated that
chemicals released by artificiallydamaged plants were not sufficient to attract the
third trophic level but that volatiles released during herbivore feeding often
increased attractiveness (Dicke ef al., 1990a,b; Turlings ef al., 1991b; Takabayashi
ef al., 1991; Turlings and Tumlinson, 1992). Chemical studies on the tritrophic
interaction between plants, spider mites and predatory mites revealed that plants
infested with mites released several terpenes that were exploited by the predatory

mites, and which were not present in mechanically damaged plants (Dicke and
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Sabelis 1988b, Dicke efal., 1990a,b; Dicke and Dijkman, 1992). Similarly, damage

on maize seedlings caused by larval feeding of S. exigua induced the release of
relatively large amounts of terpenes and terpenoids that were attractive to Cotesia
marginiventris, a parasitoid of S. exigua (Turlings ef al., 1990b, 1991b). The
herbivore induced production and/or release of specific synomones are referred
to as ’herbivore-induced’ synomones.

Emissions of synomones by plants are not limited to damaged sites, but
have been shown to be systemic, occurring throughout the plant (Dicke ef a/.,
1990b; Turlings and Tumlinson, 1992; Mattiacci ef al., 1994). For example, in
olfactometric bioassays, Nadel and van Alphen (1987) showed that cassava plants
infested by the cassava mealybug attracted the parasitoid Epidinocarsis lopezi
(DeSantis), and that infested leaves as well as uninfested leaves of infested plants
were more attractive than leaves of uninfested plants.

In some systems, the production of plant induced synomones has been
shown to be triggered by a factor present in the spit of the herbivore. Mechanical
damage on maize seedlings triggered release of only minor amounts of terpenes.
However, when caterpillar regurgitant was applied to artificially damaged sites,
maize seedlings released terpenoids in amounts similar to those from seedlings
that had been damaged by the herbivore (Turlings etal., 1993). Regurgitant of
several species of herbivores induced the same reaction on the maize seedlings,
indicating that this might be a general response of the maize plant to insect attack

(Turlings etal., 1993). Similarly, Mattiacci etal. (1994), working on the Brussels
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sprouts-Pieris  brassicae-Cotesia glomerata system, reported that caterpillar
regurgitant applied on artificiallydamaged cabbage leaves induced an increase in
the release of attractive volatiles. Also, young maize plants treated with regurgitant
of Chilo partellus larvae were more attractive to Cotesia flavipes in a Y-tube
olfactometer than untreated plants, suggesting that volatile emissions from the
treated plant materials had changed quantitatively and/or qualitatively (Potting et

al., 1995).

Response to host products

During foraging, some insects utilize non- or semi-volatile chemical stimuli
provided by behavioural or physiological activities specific to the host. These
originate from activities such as the construction of shelter, from waste products
of the host (frass, honeydew), or from defense and feeding secretions.  Host
products are reliable indicators of host presence.  Other host products include
hairs, scales, and silk.

Host frass has often been cited as a source ofkairomonal cues. Sauls et
al. (1979) reported that diet significantly affected the attractiveness of the frass of
Heliothis zea (Boddie) to M. croceipes, although the diets (plant material and
artificial diet) per se were not attractive. Elzen et al. (1984) reported that
Campoletis sonorensis (Cameron) responded to frass of Heliothis virescens F.
when larvae were fed on cotton, but did not respond to frass produced by other

larvae fed on an artificial diet without cotton plant material. Takabayashi and
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Takahashi (1990) reported that the movement of females of the larval parasitoid
Apanteles kariyai (Watanabe) was arrested on faecal pellets from Acantholeucania
loreyi (Duponchel) larvae.

Cotesia flavipes (obtained from Pakistan), which is adapted to stemborers
feeding on maize, is poorly attracted to frass of hosts fed on sugarcane (CAB,
1987). Inayatullah (1983) found that Cotesia flavipes exhibited a differential
response to various stemborer hosts fed on different grass diets. Frass produced
by Chilo partellus, Sesamia inferens (Walker), and Sesamia uniformis (Dudgeon)
fed on sorghum were the most attractive. Van Leerdam etal. (1985) reported that
Cotesia flavipes presented with fresh frass of D. saccharalis or a water soluble
substance  from fresh frass showed a characteristic host-seeking response
(decrease in the rate of locomotion coupled with intense palpation of frass with
their antennae). However, volatile stimuli emanating from frass was diet
dependent.  Similarly, Cotesia sesamiae females were more responsive to frass
from Chilo infuscatellus Snellen, Emmalocera depressella (Swinhoe) and Acigona
steniellus (Hampson) that were fed on maize as compared to frass obtained from
the same hosts fed on sugarcane (Shami and Mohyuddin, 1986).

The mandibular gland secretions of the larvae of Plodia interpunctella
(Hubner) attracted and stimulated oviposition in the parasitoid, Nemeritis
canescens (Gravenhost), leading to increased parasitization (Mossadegh, 1980).
A chemical found in the larval mandibular glands of Ephestia kuehniella Zeller was

determined to be an oviposition kairomone for the larval parasitoid N. canescens
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(Mudd and Corbet, 1982). A kairomone in the larval mandibular glands of Chilo
partellus stimulated oviposition in Cotesia flavipes (Mohyuddin et al., 1981,
Muzaffar and Inayatullah, 1986). The low parasitism of A. steniellus and
Caiamotropha lupatus Meyr in the field was attributed to the inability of Cotesia
flavipes to locate these hosts due to the lack of production of the mandibular gland

kairomone (Muzaffar and Inayatullah, 1986).

Response to host communication system.

Some parasitoids have evolved to exploit the communication system oftheir
host (Vinson, 1991). Cases of parasitoid attraction to sex pheromones are found
in some egg parasitoids (Vinson, 1988). For example, Trichogramma evanescens
Westwood was attracted to the sex pheromone of the adult moths, Pieris brassicae
and Mamestra brassicae L., emanating from oviposition sites (Noldus and Van

Lenteren, 1985).

Response to associated organisms.

Parasitoids may also respond to odours from organisms associated with
their host. Micro-organisms are known to produce allelochemicals that affect the
third trophic level. Parasitoids respond to fermentation products from bacterial and
fungal activities in the same media (host food) inwhich their hosts develop (Greany
etal., 1977; Vet etal., 1983, 1984; Dicke et al., 1984). Also, host finding by the

fruit fly parasitoid, Biosteres (Opius) longicaudatus Ashmed, was found to involve
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attraction to fermentation products emanating from rotting fruit;a probable location
of host larvae. Bioassays conducted in a greenhouse with saturated 1-. 2-, and
» -carbon primary alcohols, aldehydes and organic acids (chemicals identified from
rotting fruits) indicated that acetaldehyde was the most active agent followed by
ethanol and acetic acid. Rotting fruitwas attractive irrespective of the presence of

the host larvae (Greany etal., 1977).

2.2 Isolation and Identification of attractive allelochemicals
2.2.1 Plant-produced long range attractants (synomones).

The semiochemical complexes involved in tritrophic interactions have been
reviewed by Vinson (1991), Tumlinson etal. (1992), Takabayashi etal. (1994), and
Dicke (1994). Plant compounds attractive to some parasitoids have been
identified. For example, allyl isothiocyanate, a volatile component of crucifers,
attracts Diaeretiella rapae (Mclntoch), a braconid parasitoid of aphids that feed on
crucifers (Read et al., 1970). Elzen ef al. (1984) reported that the parasitoid,
Campoletis sonorensis was attracted to sesquiterpenes isolated from cotton
essential oils.  The sesquiterpenes  included a-humulene, K-bisabolene, /?-
caryophyllene oxide, spathulenol, /?-bisabolol and gossonorol. These compounds
were isolated from ethyl ether washes of freshly cut flowers and buds of cotton,
which is a food plant of H. virescens.

Itwas demonstrated that parasitoids respond to chemicals from damaged

plants. For example, female wasps of Diadromus pulchellus Wesmael were
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attracted to odours of dipropyl disulphide, S-propyl propanethiosulphonate and S-
propyl propanethiosulphinate from damaged leeks during their search for larvae
of the moth, Acrolepiopsis assectella Zeller (Lecomte and Thibout, 1986).

Some plants are reported to actively produce, when damaged, volatile
chemicals in response to a substance produced by the attacking herbivore
(Turlings et al. 1990b, 1991b). For example, attack by S. exigua larvae on com
seedlings resulted in the release of large amounts of volatiles. Eleven compounds
were identified, (1). (2)-3-hexenal, (2). (E)-2-hexenal, (3). (Z)-3-hexenol, (4). (2)-3-
hexen-l-yl acetate, (5). linalool, (s ). (3E)-4,8-dimethyl-1,3,7-nonatriene, (7). indole,
(+). a-frans-bergamotene, (9). (E)-/?-famesene, (10). (E)-nerolidol, and (11).
(3E,7E)-4,8,12-trimethyl-1,3,7,ll-tridecatetraene. ~ The composition of the volatiles
varied with larval feeding time. Immediately after the larvae began feeding, green
leaf aldehyde and alcohol volatiles were released and continued to be released as
long as larvae were actively feeding (Tumlinson etal., 1992). After several hours,
the compounds of higher molecular weight, primarily terpenoids, were released
(Compounds 5-11 above) (Tumlinson efa/.,1992). Undamaged plants released
very littleof these compounds. Artificialljdamaged plants treated with regurgitant
from larvae, induced the release of similar amounts of compounds ... as were
released from infested plants. Attraction to green leaf volatiles (GLVs) was also
reported by Whitman and Eller (1990). They indicated that undamaged plants
emitted low levels of GLVs, while damaged and artificiallydamaged plants emitted

relatively higher levels of certain GLVs. Females of the braconid parasitoid, M.



25

croceipes, and the ichneumonid, Netelia heroica Townes were attracted to
individual GLVsina wind tunnel (Whitman and Eller, 1990). The GLVs tested were
the following: hexenal, (E)-2-hexenal, (Z)-3-hexen-l-ol, (Z)-3-hexenyl acetate; (E)-2~
hexenyl acetate, (Z)-3-hexenyl propionate; (Z)-3-hexenyl butyrate.

The role of some terpenoids as host induced synomones has been
reviewed by Dicke (1994) and Takabayashi et al. (1994) for the mite system.
Linalool,(E)-/?-ocimene, (3E)-4,8-dimethyl-1,3,7-nonatriene and methyl salicylate are
compounds that attracted predatory mites. These compounds were identified in
volatiles from spider mite-infested lima bean leaves but were not present in the
volatiles from uninfested or artificially damaged leaves (Dicke et al., 1990b).
Takabayashi et al. (1991) reported the presence of similar compounds from
different plants (apple, cucumber, lima bean). However, there were quantitative
differences and a few qualitative differences between the different plant species.

In the tritrophic system consisting of Cotesia rubecula Marshall-P/er/s rapae
L.-and cabbage, volatiles emitted by undamaged plants were a-pinene, /?-pinene,
myrcene, 1,8-cineole, n-hexyl acetate, c/'s-3-hexen-l-yl acetate and dimethyl
trisulfide (Agelopoulos and Keller, 1994c). Mechanical damage induced the release
oftwo more compounds, frans-. -hexenal and I-methoxy-3-methylene-2-pentanone.
Feeding by larvae P. rapae induced the release of all compounds released by the
mechanical damage and additionally, 4-methyl-3-pentenal and allylisothiocyanate
(Agelopoulous and Keller, 1994c).

Itis likely that the attractive volatiles in the faeces of herbivores are derived
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from the plants or other substrates on which the herbivores feed. It is also
possible that plant constituents are modified by micro-organisms in the insect gut
or faeces to produce long range kairomones, although this has not yet been
demonstrated (Tumlinson efal. 1992). Eller (1990) reported that the parasitoid M.
croceipes was attracted to a compound identified as frans-phytol and isolated from
the hexane extract of the frass from H. zea larvae fed on cowpea. It was
suggested that long range kairomones produced by herbivores are released from

their faeces. However, none has so far been identified (Tumlinson efa/.,1992).

2.2.2 Host-produced long range attractants (kairomones)

In some cases, parasitoids exploit the pheromonal system of their host
during foraging. The parasitoids, Spathius benefactor Matthews, Cheiropachus
colon (L.),Entedon leucogramma (Ratzeburg), Dendrosoterprotuberans (Nees) are
reported to be attracted to the synthetic multistriatin, 4-methyl-3-heptanol, and
cubebene, components of the aggregation pheromone of their host, the elm bark

beetle, Scolytus multistriatus (Marsham) (Kennedy, 1984).

2.2.3 Host-produced short range attractants (kairomones).

During foraging, as a parasitoid approaches its host, it is exposed to
chemical cues that are host specific. These chemicals are often found in the host
by-products  (Tumlinson et al., 1992). Long chain hydrocarbons, such as,

tricosane and related hydrocarbons from the scales of adult H. zea, increase
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parasitism by T. evanescens (Lewis etal., 1972; Jones etal., 1973). Other types
of compounds such as . s -dialkyltetrahydrofurans from buccal secretions, faeces
and the body surface of Pseudaletia separata Walker are arrestants for the larval
parasitoid Apanteles kariyai Watanabe (Takabayashi and Takahashi, 1986). These
compounds were also found in the faeces of the larvae of another lepidopteran,
Acantholeucania loreyi (Duponchel), although this host is not suitable for the
parasitoid’s development (Takabayashi and Takahashi, 1990). Vinson efal. (1975)
isolated and identified a component from mandibular gland secretions of H.
virescens that elicited short range attraction of its parasitoid C. nigriceps.
Chemical analysis of similar secretions found in the mandibular glands ofP.
interpuntella indicated the presence oftwo components with the empirical formulae
C..H.::,0O: and C..H:s0O; (Mossadegh, 1980). Extraction of the kairomone from
the mandibular glands of Chilo partellus using various solvents showed that the
methanol extract contained the chemical cues attractive to Cotesia flavipes. The
molecular weight of the active compounds was determined to be 436.3505, which

corresponded  to the formula C.:H..., . (CAB, 1987).

2.3 Host acceptability and suitability for the development of parasitoids
2.3.1 Host acceptance

According to Singer (1986), host acceptance is a positive response to an
encounter. Chemical cues play a very important role in the acceptance of hosts

by parasitoids (Vinson, 1976, 1991). Other factors, such as shape, size, age,
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movement, and sound also influence host acceptance (see review by Vinson,

1976).

Chemical stimuli

Chemical cues influence host acceptance behaviour in various ways. For
instance, acceptance behaviour of Campoletis sonorensis towards H. zea is
divided into four steps; examination of the host, thrusting of the ovipositor,
ovipositor insertion and egg-laying. Non-volatile chemicals associated with a
variety of tissues (eg. larval integuments) are implicated in these behavioural
responses  (Schmidt, 1974). Burks and Nettles (1978) reported that the
oviposition stimulant of Eucelatoria sp. was a solvent-extractable component in
the cuticle extract of H. virescens larvae. Odell and Godwin (1984) studying the
host selection process of Blepharipa pratensis (Meigen), a parasitoid of the
gypsy moth, Lymantria dispar L., found that damaged leaf edges and leaf
exudates arrested parasitoid movement and stimulated searching. When the
edge of a leaf eaten by gypsy moth was contacted, oviposition occurred,
suggesting the presence of contact kairomone(s) at the edge of the eaten leaf.

Diet influences the composition of the volatiles emanating from the faeces
of herbivores, and therefore influences host acceptance.  Stemborer larvae
reared on artificial diet were less attractive to parasitoids than those fed on a
natural diet of maize (Mohyuddin efa/.,1981). Similarly, Inayatullah (1983)

observed that Cotesia flavipes collected from maize in Pakistan were more
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attracted to larvae of Chilo partellus, and Sesamia spp. fed on maize and

sorghum than larvae fed on sugarcane.

Other factors

In addition to chemical stimuli, shape, texture, sound, movement, colour,
age and size of host also influence host acceptance by parasitoids (Vinson,
1976). Pimpla instigator was initiallyattracted from a distance by odours to a
close proximity of the hosts, then to the cylindrical shape, the latter increases
acceptance (Carton, 1974). Hairiness provided by secondary setae influenced
acceptance of the gypsy moth by Apanteles melanoscelus (Ratzeburg)
(Weseloh, 1974). Smith (1943) reported that motionless hosts were palpated by
female Microtonus vittatae and were attacked if movement was induced. The
growth stage of the host may also be an important factor in host acceptability
(Hendrikse etal., 1980; van Alphen and Drijver, 1982). The parasitoid
Ooencyrtus nezarae Ishii accepted 0-7 days old eggs of Riptortus clavus
Thumberg, but the number of eggs laid per host decreased with increasing host
age (Takasu and Hirose, 1993). Age and size are usually related, but age has
been shown to influence host acceptance irrespective of size (Gutierrez, 1970;
Schmidt, 1974). Itwas also reported that when a larval host, Trichoplusia ni

Hubner reaches pharate pupal stage itbecomes unacceptable to the parasitoid,

Hyposoter exiguae (Viereck) (Smilowitz, 1974).
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2.3.2 Host suitability
Suitability encompasses  various aspects of host quality that affect insect
performance (Singer, 1986). The suitability of a host for parasitoid development
willdepend on several factors, including environmental factors, the ability to
evade the host’s internal defensive system, competition with other parasitoids,
the presence of toxins detrimental to the parasitoid eggs or larvae and the

host’s nutritional adequacy (Vinson and Iwantsch, 1980).

Host defense

Behavioural and physiological changes occur in a parasitized host. The
physiological changes mainly involve the immune system of the host, which in
the presence of foreign bodies may activate the internal defense system which
includes humoral and cellular responses.  The humoral system generally refers
to biochemical factors within the haemolymph of the organism that exert some
effect on the invader or are involved in its recognition. These biochemicals
include inducible antibacterial factors, lysozymes, lectins, acid
mucopolysaccharides and the phenoloxidase-melanin  system (Vinson, 1993).
The cellular component involves haemocytes. Depending on the size and the
number of foreign bodies encountered, the cellular response may be in the form
of any of three processes, phagocytosis, nodule formation and/or
encapsulation (Pathak, 1993). Encapsulation is a common multicellular immune

reaction mounted by host insects towards invading foreign organisms such as
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parasitoid eggs (Kaya and Tanada, 1969; Kaya, 1970; Salt, 1970; Vinson, 1977,

Kitano, 1982; Prevost efa/.,1990). For example, encapsulation of eggs of
Cotesia flavipes occurs in Diatraea saccharalis and D. grandiosella Dyar
(Overholt and Smith, 1990a,b; Wiedenmann etal., 1992; Wiedenmann and
Smith, 1994).

Reciprocally, parasitoids have evolved mechanisms of evading
encapsulation  (Vinson, 1977; Kitano and Nakatsuji, 1978; Kitano 1982; Davies et
al. 1987; Ross and Dunn, 1989; Strand and Noda, 1991; Strand and Wong,
1991; Vinson, 1993). These include:

1) molecular mimicry: the parasitoid has surface characteristics that are
identical or very similar to the surfaces within the host so that the latter fails to
respond to the foreign surface because itappears to be "self'. For example
Cardiochiles nigriceps has a thick chorion consisting of a fibrous outer coat
which is not recognized as foreign. As long as the fibrous layer remains the
eggs are not encapsulated (Davies and Vinson, 1986; Davies etal., 1986). The
eggs of C. nigriceps are encapsulated in larvae of Helicoverpa (=Heliothis) zea
(Lepidoptera: Noctuidae), but not in those of Helicoverpa (=Heliothis)
virescens, due to the presence of the fibrous layer which is removed within 2

hours in H. zea and persists for 12-24 hours in H. virescens (Lewis and Vinson,

1971).

(2) Target proliferation: cells of the embryonic membrane of the
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developing parasitoid (e.g. teratocytes) provide so many targets that the
immune system is unable to focus an effective attack (Salt, 1971), for example,
the encapsulation of C. nigriceps larvae injected into hosts previously injected
with teratocytes was reduced (Vinson, 1972).

(3) Destruction and/or suppression of host immunity: In this case
parasitoids inject factors that suppress the immune response of the host e.g.
venom from ovaries and/or virus particles (Vinson, 1990). Viral particles are
found in calyx fluid of female parasitoids. They consist of segmented double-
stranded, circular DNA genomes. These viruses have been placed in a new
class called Polydnaviridae (Stolz etal., 1984). Mechanisms of polydnavirus
suppression of the immune system have been discussed by Davies et al.
(1987), Davies and Vinson (1988), Tanaka (1987), Stolz and Guzo (1986)

(reviewed by Vinson, 1993).

Competition

Many mature female parasitoids are able to discriminate between
parasitized and unparasitized hosts because of the marking of the host by
ovipositing females. However, some parasitoids are unable to make this
distinction and superparasitism may occur (Vinson and Iwantsch, 1980). When
larval overcrowding occurs in some species of parasitoids, the total number of
hosts yielding parasitoids decreases because all competitors in the

superparasitized host often die (Vinson and Sroka, 1979). Beg and lInayatullah
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(1980) demonstrated that superparasitism by Cotesia flavipes had a detrimental
effect on the progeny, the sex ratio was affected, there was also an increase in
the number of inviable pupae and the number of larvae which failed to emerge
from the host. In other cases, a preferential survival of one sex, usually the
male, may occur (Wylie, 1966; Ziser et al. 1977). Supernumerary parasitoids
may be eliminated by physical or physiological suppression (toxins, anoxia,

nutritional depravation) (Vinson and Iwantsch, 1980).

Toxins

The suitability of a host for parasitoid development may depend on the
absence of substances innocuous to the host, but toxic to the parasitoid
(Vinson and Iwantsch, 1980). Thurston and Fox (1972) found that tobacco
homworm fed on tobacco were suitable for the development of Apanteles
congregatus larvae, but additional nicotine in the diet, or topical application on
host larvae, although ithad no effect on the host, prevented the parasitoid’s
emergence.  Other examples of host diets affecting the parasitoid’s fitness have
been reported (Flanders, 1942; Narrayanan and Subba Rao, 1955; Pimentel,
1966; Cheng, 1970; Zhody, 1976; Blumberg and DeBach, 1979; Bergman and

Tingey, 1979; Price efa/.,1980; Kester and Barbosa, 1991)



Nutritional inadequacy

Nutritional quality of the host has a profound effect on the sex ratio, size,
developmental times and longevity of parasitoids (Vinson and Iwantsch, 1980).
Host age and/or size may affect the number of parasitoids that emerge
(Hendrikse etal., 1980; Van Alphen and Drijver, 1982) the sex ratio (Lawrence
et al., 1976) or the size of parasitoids (Liu, 1985). Petitt and Wietlisbach (1993)
reported that the parasitoid, Opius dissicus Muesebeck produced 1.7 to 3 times
more offspring when provided second and third instar leafminers, Liriomyza
sativae Blanchard, as compared to first instars. The developmental time also
increased by about two days when the parasitoids oviposited in first instar
larvae of the hosts. Different hosts may show differences in suitability for
different parasitoid species depending on whether the hosts and parasitoids
have coevolved or not. Tillman etal. (1993) reported a difference in suitability
of two Helicoverpa spp. for the development of one indigenous and two exotic
parasitoids species. There was also a difference in the mortality and
developmental time of immature parasitoids in the two hosts. Shami and
Mohyuddin (1986) found that Cotesia sesamiae preferred Chilo partellus, S.
inferens, A. stenelius, E. depressella, Chilo infuscatellus, Calamotropha lupatus
and Scirpophaga nivella (F.) in descending order. Host suitability followed the
same pattern, and Cotesia sesamiae did not complete development in E.
depressella and C. lupatus. Among the hosts examined, Chilo partellus was

the most suitable in terms of the number of cocoons per larva, adult
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emergence, and sex ratio, although all the hosts tested were new associations.
In laboratory studies, although Cotesia flavipes oviposited in Chilo partellus,
Chilo infuscatellus, Tryporyza incertulas (Walker) and Ostrinia kasmirica
(Moore), development of their progeny was only completed in Chilo partellus,

and Chilo infuscatellus (Beg and Inayatullah, 1980)
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CHAPTER THREE

3 General materials and methods
3.1. Insects

Parasitoids. A colony of Cotesia flavipes was initiated from material
collected from Chilo partellus at Rawalpindi, Pakistan by the International
Institute of Biological Control (IIBC). The Cotesia sesamiae colony was initiated
with material collected from Chilo partellus in the coastal zone of Kenya.
Cotesia flavipes and Cotesia sesamiae, were reared on Chilo partellus and S.
calamistis larvae, respectively, according to the method described by Overholt
(1993). After parasitization, stemborers were maintained on artificial diet at
25°C, 65-70% relative humidity and 12:12 (L:D) photoperiod. Parasitoid
cocoons were collected in glass vials and kept in a clean perspex cage until
emergence. On emergence, adult parasitoids were provided a 20%
honey/water solution as diet.

Hosts. Chilo partellus, S. calamistis and Chilo orichalcociliellus were
collected from maize fields from the Kenya coast. A colony of B. fusca was
initiated with material collected from western Kenya. The Chilo spp. larvae were
reared on artificial diet as reported by Ochieng ef al. (1985). The noctuids, B.
fusca and S. calamistis, were reared on media developed at ICIPE (Onyango et

al., 1992a).

Maruca testulalis Geyer (Lepidoptera: Pyralidae), the cowpea pod borer
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was used in several tests. This insect was supplied by the Insect and Animal
Breeding Unit at the ICIPE where it was reared on semi-artificial diet (Onyango

ef al., 1992b).

3.2 Plants

Maize (Zea mays L., (hybrid 5-12)) and sorghum (Sorghum bicolor (L.),
(Serena)), were grown in twenty litre buckets ina nursery, and in the field at
ICIPE; plants were kept under fine mesh cages (400 micron) to protect them
from insect attack. Napier grass (Pennisetum purpureum Schumach.) was
collected from farmers’ fields in Nairobi. Cowpea (Vigna unguiculata L.) was

grown in pots in a nursery at ICIPE.

3.3 Bioassay set-up
3.3.1 Y-tube olfactometer

The Y-tube olfactometer used in this study has been described by
Sabelis and Van de Baan (1983) and Steinberg ef al. (1992). The odour
sources were placed in two perspex chambers (30 x 30 x 120 cm) sufficiently
large to accommodate whole plants (2-3 months old) (Figure 3.1). The two
chambers were connected to the arms of the Y-tube with tygon tubing from the
top of the chambers.  An inlet, through which clean air entered the chamber,
was bored 30 cm from the bottom of the chamber on one side. A vacuum

pump (Cole-Parmer Air-Cadet) drew and pushed air through the closed system.
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Airwas pushed through activated charcoal filterinto the two chambers and
drawn into the Y-shaped glass tubing of the olfactometer. The airflow was set
at 2.5 1/min for each arm. Parasitoids were released individually in the stem of
the Y-tube and allowed 5 minutes to choose one of the arms. When the
parasitoid remained more than 15 seconds beyond the finishing line (4 cm past
the intersection), it was recorded as a choice. The connections of the odour
source chambers to the arms of the olfactometer were reversed after testing 5
insects to rule out any asymmetrical bias in the olfactometer. Tests were
replicated at least three times with 20 parasitoids per replicate. Tests were
conducted at 23-26 °C, 65-75% relative humidity and light intensity of 350-450

lux.

3.3.2 T-tube olfactometer

A T-tube olfactometer was constructedfrom two pieces of 4 mm
diameter (ID) glass tubing, joined to the stem ofa 7.5 cmdiameter funnel to
forma T\ The arms of the T were 5 cm long and the stem 10 cm long.
Test materials were placed in small vials (5 cm long, and 1 cm diameter) behind
a fine mesh screen to eliminate visual cues. The vials were placed over the
arms of the "T-tube’ (Figure 3.2). Parasitoids were introduced into the
olfactometer and the arm chosen by the test insects was recorded.An arm

was considered chosen when the parasitoid, reached theend of the arm.
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Figure 3.1 A schematic representation of the Y-tube olfactometer
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Test material

Figure 3.2 A schematic diagram of the T-tube olfactometer
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The position of the T-tube was also turned 180° after testing 5 insects to avoid
any bias. No time limitwas given, but the response typically occurred in less
than 3 minutes. Tests were conducted at 23-26 °C, 65-75% relative humidity

and light intensity of 350-450 lux.

3.3.3 Glass vial experiments

The acceptability of stemborers for parasitization was tested by offering
one stemborer larva to one parasitoid ina clean glass vial. One-day old female
parasitoids were introduced into an inverted vial (7.5 x 2.5 cm) placed on a flat
surface, and allowed to climb to the top (the bottom of the vial). Once the
parasitoid had reached the top, the vial was placed over a stemborer larva.
Each female was allowed five minutes in the vial. An observation was
terminated when the parasitoid stung the larva, or after five minutes. Ten larvae
were used per treatment and this was replicated at least four times. The
number of stemborers attacked and the time to oviposition, within five minutes,

were recorded.

3.4 Collection and analyses of volatiles
3.4.1 Collection of volatiles

The procedure reported by Torto et al. (1994) was used. Volatiles were
collected in traps containing activated charcoal (80-100 mesh Chrompack, The

Netherlands) as adsorbent. Traps were prepared by packing about 50 mg of
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charcoal between two glass wool plugs in glass tubes «-cm-long x .-mm ID.
Before use, the packed charcoal was cleaned by soxhlet extraction with
dichloromethane (Merck) for 48 hours, followed by activation under a stream of
nitrogen at 250 °C. A push-pull odour collection system was used for trapping
volatiles from untreated and treated 2-3 month old maize plants. A vacuum
pump (Cole-Parmer Air-Cadet) pulled and pushed air through the collection
apparatus at 526 ml/min. The collection chamber was a rectangular glass box
measuring 120 cm x 20 cm x 20 cm, with one of the square ends leftopen. An
inlet was bored at one of the lower sides of the cage while an outlet was made
at the top of the box (Figure 3.3). For the system to be airtight, the open end
of the glass box was placed over the plants which stood in water held in an
aluminium basin. The open end was submerged 15cm below the meniscus.
Airdrawn through the box was cleaned using a charcoal filterand volatiles were
collected on charcoal traps as described above. Collection of odour from test
materials lasted 24 hrs. Trapped volatiles were eluted with HPLC grade
dichloromethane (Aldrich Ltd., UK; 4ml) and concentrated under a stream of

nitrogen at 0°C to 100 //I. Blanks were also trapped to detect impurities in the

system.
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Figure 3.3  Push - pull volatile collection system
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Volatiles from small sized test materials (e.g. 10 days old maize seedlings
and frass) were collected using a different system: Airfrom a compressed air
cylinder (East Africa Oxygen (EAO), Nairobi) was cleaned through an activated
charcoal filterand drawn over test materials (in a one litre or five litre three-
necked round bottomed flask or quickfit tubing (see below)) and through the
charcoal trap at 70ml/min for four hours at 25 +£3 °C. Two flowmeters, one
placed before the filterand another after the trap regulated the airflow. The two
side necks of the flask were fitted with the activated charcoal columns, while the
central neck of the flask was closed with a glass stopper (Figure 3.4). Alljoints
were sealed with teflon tape to ensure that no leakage occurred. A five litre
flask was used for collecting volatiles from .. days old plants and a one litre
flask for collecting volatiles from cut stems. Volatiles were collected from frass
confined in a two piece glass tube, 5-cm x 2.8-cm-ID for the male part and 9-cm

x 3.4-cm-ID for the female part, with quickfitjoints (Figure 3.5).
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Figure 3.5 Glass chamber for collection of volatiles
from frass
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3.4.2 Analyses of volatiles

The procedure described by Torto et a/. (1994) was used. Aliquots of
volatile collections were analyzed by gas chromatography (GC) and gas
chromatography-mass  spectrometry (GC-MS). GC analyses were performed on
a Hewlett-Packard (HP) 5890 Series Ilgas chromatograph equipped with a
flame ionization detector (FID)and HP capillary column (methyl silicone, 50m x
0.2mm IDx 0.2 jjm or Carbowax, 50m x 0.2mm 1D X0.2//m) using nitrogen as
carrier gas at a flow rate of 0.35 ml/min. A different GC programme was used
for each column. For the methyl silicone column, the oven temperature was
initially set at 40°C for two minutes, then programmed at 5°C/min to 150°C for
two minutes and to 220°C at a rate of 10°C/min and isothermal for fifteen
minutes. For the Carbowax column, the oven temperature was initiallyset at
60°C for ten minutes, then programmed at 5°C/min to 180°C for five minutes
and to 220°C at a rate of 10°C/min then isothermal for ten minutes.
Chromatographic peaks were integrated using a HP Series 113396 integrator.
GC-MS analyses were carried out on a VG Masslab 12-250 mass spectrometer

(El, 70 ev) coupled to a HP 5790 gas chromatograph.

3.4.3 Gas chromatography-electroantennography.
Coupled gas chromatography-electroantennographic detector (GC-EAD)
analyses were performed on either the Carbowax or methyl silicone (50m x

0.2mm ID x 0.2 //m) columns and employed the same conditions as for the GC
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analyses of volatiles. The column effluent was split 1:1 into two 50-cm-long
deactivated fused silica columns connected to the FID and the delivery tube
placed near the antenna respectively. A make-up gas (40 ml/min) was added
just before the split point to accelerate the effluent through the deactivated
columns. The effluents were driven from the chromatograph through a transfer
line maintained at 150 °C by a THC-3 temperature control unit (Syntech,
Netherlands) and into a moistened airstream (4.0ml/sec, 90 % Rh, 25 °C)
focussed onto the antennal preparation via a stainless steel tube (5 mm ID).
FID and EAD signals were monitored synchronously using a programme on a
GC/EAD interface card (Syntech, The Netherlands) installed in a PC (Harvard
Professional Computer, American Megatrends Inc.).

Antennal preparation. Electroantennograms (EAGS) were recorded on
antennae of one-day old, mated, and fed naive females of Cotesia flavipes.
Each antenna was cut off from the head capsule at the level of the scape. The
cut part of the antenna was inserted into the recording electrode (a glass
micropipette containing a saline solution (Hoyle, 1951)). The tip of the antenna
was inserted into the indifferent electrode. Both electrodes were appropriately
connected to the universal AC/DC UNO5 amplifier (Syntech, The Netherlands).

Four microlitres of samples were then injected into the GC for GC-EAD

analyses.
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3.5 Haemocyte count methods

Host immune experiments were conducted to determine changes in host
haemocyte levels as a function of parasitization, using the methods of Stolz and
Guzo (1986) and Davies et al. (1987). Total haemocyte counts were assayed.
Fourth instar larvae of Chilo partellus were used in this experiment. Two tests
were conducted: (1) Total haemocyte counts were assayed 1-24 hours after
parasitization and (.) total haemocyte counts were assayed one to six days

after parasitization.

0] Haemocyte count 1-24 hours after parasitization

Larvae wereassayed at six different times after beingparasitized: 1, 2,
4, ., 14 and 24 hours after exposure. Individual larvae were exposed to an
individual female parasitoid in a glass vial. Care was taken to ensure that each
larva was stung only once. After being parasitized, larvae were transferred to
glass vials containing diet and kept in an incubator at 28 °C. Ateach of the
assay times, five larvae from the parasitizedcohort and five from  those
unparasitized (controls) were randomly selected. Parasitized larvae were
subsequently dissected to detect encapsulation. Each test larva was
immobilized on ice and haemolymph was quickly squeezed out of a cut proleg
on to a sheet of parafilm. Aliquots of 4 fj\ were diluted in 36 //l of a saline
solution (0.15 M NaCl, 5mM KP04, pH 6.5) to prepare a 1:10 dilution. Aliquots

of .. fj\ of this sample were then transferred immediately to an improved
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Neubaeur haemocytometer slide (Cole-Parmer, Inc., Chicago, USA).
Haemocyte counts were made from ten grids. This test was replicated four
times. The mean haemocyte counts for the different hours were calculated and
comparisons were made using analyses of variance (ANOVA) followed by the
Student Newman-Keul mean separation test when the ANOVAwas significant

(p<0.05). The exposure and assaying schedule is illustrated in Table 3.

Table 3. Treatment schedule for the total haemocyte counts

Interval after parasitization

(On) (1h) (h) (4h) (Bh) (14h)  (24h)

Sting 30 Assay 5 Assay 5 Assay 5 Assay 5 Assayd Assay 5
larvae larvae larvae larvae larvae larvae larvae
30 control Assay 5 Assay 5 Assay 5 Assay 5 Assay 5 Assay 5
larvae larvae larvae larvae larvae larvae larvae

(ii) Haemocyte counts 1-6 days after parasitization

Larvae were assayed daily for six successive days after parasitization.
The above procedure was used for the total haemocyte count. A total of 50
larvae was parasitized on day zero. Eight test and eight control larvae were

assayed each day. This test was replicated six times. Data were analyzed as

indicated above.
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CHAPTER FOUR

4, Response of Cotesia flavipes and Cotesia sesamiae to plant-

produced and host related allelochemicals.
4.1  Introduction

Successful reproduction by insect parasitoids is dependent on the
location of suitable hosts for oviposition. The host selection process is divided
into three steps: host habitat location, host location and host acceptance
(Vinson, 1976). Allelochemicals are known to play an important role in this
process (see review by Nordlund efa/.,1988). Chemicals emitted by plants
influence parasitoid behaviour (Lewis and Martin, 1990). In addition, females of
many insect parasitoids rely on host and host-related chemicals (such as frass,
and silk) in their search for hosts (Turlings et al., 1990a,b, 1991a,b; Me Auslane
et al., 1991; Steinberg et al., 1993). The stimuli involved in the searching
behaviour of Cotesia flavipes, have been studied by several authors
(Mohyuddin, 1971; Mohyuddin etal., 1981; Van Leerdam etal., 1985; Potting et
al., 1993, 1995). Cotesia flavipes was reported to be more attracted to volatiles
emanating from maize infested with Chilo partellus than uninfested maize stems
or any other component of the plant-host complex (Potting et al., 1995).
However, frass and leaves of plants damaged by stemborers were also very
attractive (Potting efa/.,1995). A water soluble substance from fresh frass was

also reported to attract Cotesia flavipes (Van Leerdam etal., 1985). Based on
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the short range attraction to host frass, itwas reported that there are different
strains of Cotesia flavipes with different plant preferences (maize or sugarcane)
(Mohyuddin etal., 1981; Shami and Mohyuddin, 1992).

Cotesia flavipes, which was collected from Chilo partellus on maize, was
introduced into Kenya from Pakistan for the control of the introduced pest Chilo
partellus. This pest is found in gramineous plants with other indigenous noctuid
and pyralid stemborer species. Potting et al. (1993) reported that Cotesia
flavipes could not discriminate between Chilo partellus infested maize plant and
B. fusca infested maize plant. However, itis not known whether this parasitoid
would prefer any of the different gramineous plants (maize, sorghum, napier
grass, which are the food of its hosts) occurring at the area of release, the
coast of Kenya. Itis also not known whether it has a preference for any of the
different stemborer species (Chilo orichalcocilielius, Chilo partellus, S.
calamistis) occurring in the coast of Kenya. No information is available on the
host selection process of the closely related indigenous parasitoid, Cotesia
sesamiae. This parasitoid has been unable to regulate Chilo partellus
population densities at levels acceptable to farmers. A study of its searching
behaviour was necessary to explain why this parasitoid is not able to control the
pest and the degree of niche overlap between the two Cotesia species. The
aim of this study was, therefore, to investigate the response of Cotesia flavipes
and Cotesia sesamiae to volatiles from: (1) uninfested maize, sorghum and

napier grass; () different stemborer-plant complexes that are likely to be found
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in the area of release; (3) frass of the different hosts under study; and (4) from

the stemborer.

4.2 Materials and methods

Tests were conducted using Cotesia flavipes and Cotesia sesamiae.
These parasitoids were reared on Chilo partellus and S. calamistis, respectively,
as described in Section 3. One-day-old mated naive female parasitoids were
used in all experiments. Hosts included fourth instar larvae of Chilo partellus,
Chilo orichalcociliellus, B. fusca, and S. calamistis. Stemborers were reared on
semi-artificial diets (see section 3). Prior to any experiment, stemborer larvae
were removed from artificial diet and fed on fresh maize stems for a minimum of
24 hours. The cowpea borer, M. testulalis, was used in bioassays involving a
non-host insect, and this was reared on a semi-artificial diet described by

Onyango et al. (1992b) (see section 3).

4.2.1 Response to volatiles from uninfested plants

Uninfested maize, sorghum and napier grass plants of 8-10 weeks old
were used in the experiments. Allspecies of plants were tested singly and in
dual choice ina Y-tube olfactometer (see section 3.3.1). Tests were conducted
at 23-26 °C, 65-75% relative humidity and light intensity of 350-450 lux.

(i A first series of experiments was conducted to determine the

attractiveness of odours from uninfested plants. Maize, napier grass and
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sorghum were tested in single choice experiments. Individual parasitoids were
given a choice between odour from a potted plant and air drawn over a pot of
soil, or odour from a plant cut above the soil level and air drawn over an empty
chamber., Attraction of Cotesia flavipes to a non-host plant, cowpea, was also
tested; four potted cowpea plants were tested against air drawn over a pot of
soil.

(i) A second series of tests was conducted to determine the parasitoid’s
preference for odours from different uninfested plant species. Plants were
placed in chambers connected to both arms of the olfactometer. Volatiles from
maize were compared to volatiles from sorghum, napier grass, and cowpea.
When comparing maize to cowpea, two maize plants were tested against four
cowpea plants. Different numbers of plants were used because of the
difference in plant sizes between the two plant species.

Alltests were replicated at least 3 times with 20 parasitoids per replicate.
Data were analyzed using G-test (Chi-Square test) (Sokal and Rohlf, 1981).
Parasitoids that did respond (’No response’group) were excluded from the

analyses.

4.2.2 Response to volatiles from plants infested by different

stemborer species
The first series of tests was conducted in a Y-tube olfactometer to

determine the parasitoid’s preference between plants infested with different
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stemborer species (plant-host complex (PHC)) and uninfested plants. The
following PHC combinations were tested against the control (uninfested maize):

1) maize plants infested with Chilo partellus

2 maize plants infested with Chilo orichalcocilielius

(3) maize plants infested with S. calamistis

Maize plants were infested with two fourth instar stemborer larvae by
boring two holes in the maize stem with a 4 mm cork borer and placing one
larva in each hole. Larvae were allowed to feed overnight and tests were
conducted 18-20 hours after infestation. Plants were transferred into the
chambers connected to the Y-tube in the pot in which they were grown (or cut
just above the soil) 30 minutes before observations were made (to allow time
for volatiles to be released in the chamber). Plants in both arms were treated in
the same manner (cut at the base or kept in pots).

A second series of tests was conducted to determine the parasitoids
preference between plants infested by different stemborer species. The
following combinations were tested:

() maize infested with Chilo partellus larvae versus maize infested

with Chilo orichalcocilielius larvae

2 maize infested with Chilo partellus larvae versus maize infested

with S. calamistis larvae

3) maize infested with Chilo partellus larvae versus maize infested

with B. fusca larvae (only Cotesia sesamiae was used for the test
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with B. fusca; Cotesia flavipes response having already been
studied by Potting etal., 1993)

A third series of tests was conducted to determine whether the response
of parasitoids was dose dependent. The following number/species
combinations of stemborers per plant were compared: (a) two Chilo partellus
versus ten S. calamistis; (b) five Chilo partellus versus fiveS. calamistis; (c) ten
Chilo partellus versus two S. calamistis; (d) two B. fusca versus ten Chilo
partellus larvae.

Finally preference of Cotesia flavipes for either infested maize (host-plant
of Chilo partellus) versus infested cowpea (non-host) or infested maize versus
uninfested cowpea were tested. Cowpea plants infested with the cowpea borer,
M. testulalis, were compared to maize infested with Chilo partellus; ten second
instars of the pod borer were placed on the young pods of the plants to be
tested and were allowed to feed overnight. Four cowpea plants were tested
each time against two maize plants on which four medium Chilo partellus larvae
have been feeding overnight. The test plants were cut just above the soil and
placed in the olfactometer chambers thirty minutes before the bioassay. As
indicated earlier, different numbers of plants were used because of the
difference in size between the two plant species.

Similarly, Cotesia flavipes was given a choice between two maize plants
infested with Chilo partellus and four uninfested cowpea plants. Alltests were

replicated at least three times with ., parasitoids per replicate. Analyses were
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conducted as indicated in section 4.2.1.

4.2.3 Response to host frass

Bioassays were conducted to determine attraction of Cotesia flavipes and
Cotesia sesamiae to frass produced by Chilo partellus, Chilo orichalcociliellus,
S. calamistis and B. fusca fed on maize, sorghum and napier grass. Tests
were also conducted toinvestigate whether the parasitoids preferred frass
produced by any of the four stemborer species when thesewere fedon maize.

Tests were conducted ina ’T-tube’ olfactometer (see section 3 for
description and bioassay procedure). Stemborers were fed on fresh plant
material and the frass produced within the first24 hours was discardedto avoid
contamination.  Frass produced in the following 24-48 hours wascollected and
weighed. Fresh frass (1 g) obtained from each of the four stemborer species
fed on maize, sorghum and napier grass were tested against moist cotton wool
(control).

To test for preference, frass samples from stemborers fed on maize only
were also tested in the following dual choices:

1. Chilo partellus frass versus B. fusca frass

2. Chilo partellus frass versus Chilo orichalcociliellus frass

3. Chilo partellus frass versus S. calamistis frass

4. B. fusca frassversus S. calamistis frass

5. B. fusca frass versus Chilo orichalcociliellus frass



58

s . Chilo orichalcocilielius frass versus S. calamistis frass
Alltests were replicated six times with . parasitoidsper replicate.  Data

were analyzed as indicated in section 4.2.1.

42.4 Response to stemborer larvae

In this experiment, the presence of attractive odours on the body surface
of a stemborer is investigated. The host acceptance of Cotesia flavipes and
Cotesia sesamiae for parasitization of washed and unwashed larvae of Chilo
partellus was tested by exposing the larvae to parasitoids in clean glass vials
(7.5 x 2.5 cm). The bioassay procedure is as described in section 3.3.3.
Unwashed larvae were exposed directly after removal from maize stems, while
washed larvae were removed from maize stems, washed several times in
distilled water, to remove any odour from the surface of the body of thelarva,
and dried on filter paper before exposure. Ten larvae were used per treatment
and this was replicated at least four times. The proportion of larvae attacked
was calculated and the time spent by each female until oviposition was
recorded for females which oviposited within the five minutes exposure period.
Means of time to oviposition were compared using analysis of variance (Proc
GLM, SAS Institute, 1988) followed by the Student Newman-Keul mean
separation test when the ANOVAwas significant at p<0.05. Proportions were

transformed to arcsin before being subjected to ANOVA(Snedecor and

Cochran, 1967).
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4.3 Results
4.3.1 Response to volatiles from uninfested plants

Cotesia flavipes and Cotesia sesamiae were more attracted to odours
from gramineous plants (maize, sorghum, napier grass), the food plants of their
host, than to the control (Figure 4.1). Cotesia flavipes did not exhibit a
preference between maize and napier grass (Figure 4.2). However, maize was
preferred over sorghum by Cotesia flavipes, whereas Cotesia sesamiae
preferred sorghum over maize (Figure 4.2; X. = 16.71, p<0.005); Cotesia
sesamiae also preferred napier grass over maize (Figure 4.2).

Cotesia flavipes did not exhibit a greater attraction to uninfested cowpea
plant than to the control (Figure 4.3). Similarly, when odours from uninfested
cowpea were compared to odours from uninfested maize, no preference for

either of the plant species was observed (Figure 4.3).

4.3.2 Response to plants infested by different stemborer species
Parasitoids of both species preferred odours from maize plants infested
by Chilo partellus, S. calamistis or Chilo orichalcociliellus over that from
uninfested maize plants (Figure 4.4).
The parasitoids did not show a greater preference for odours from plants
infested with Chilo partellus than odours from plants infested with Chilo
orichalcociliellus (Figure 4.5). When plants infested with Chilo partellus were

tested against plants infested with S. calamistis, the parasitoids preferred the S.
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calamistis infested plants (Figure 4.5). However, in dose response tests,
Cotesia flavipes preferred odours from maize infested with ten Chilo partellus
larvae to odours from maize infested with two S. calamistis (Figure 4.6).

Cotesia flavipes also preferred odours from plants infested with ten S. calamistis
over odours from plants infested with two Chilo partellus. However, Cotesia
flavipes did not exhibit a preference when responding to odours from plants
infested with five Chilo partellus and fiveS. calamistis larvae (Figure 4.6). There
was no significant difference in the number of Cotesia sesamiae that was
attracted to maize plants infested with ten Chilo partellus or two S. calamistis
larvae (Figure 4.7).

Cotesia sesamiae preferred odours from plants infested with B. fusca
over odours from uninfested maize. Italso preferred odours from plants
infested with B. fusca over odours from those infested with Chilo partellus at the
same density (two larvae per plant) (Figure 4.8). However, when plants were
infested with ten Chilo partellus larvae and two B. fusca larvae, Cotesia
sesamiae showed preference for odours emanating from the Chilo partellus
infested plants (Figure 4.8). Cotesia flavipes preferred odours from infested
maize plants to odours from uninfested cowpea or cowpea plants infested with

M. testulalis (Figure 4.9).
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4.3.3 Response to frass

Response of Cotesia flavipes and Cotesia sesamiae to frass odours
showed that frass obtained from all borer species fed on maize, sorghum or
napier grass were highly attractive (Figure 4.10). In dual choice tests, odour
from frass from the two Chilo species was more attractive to Cotesia flavipes
than odours from B. fusca frass (G=15.02, p<0.005 and G=9.13, p<0.01 for
Chilo orichalcocilielius and Chilo partellus, respectively), but no difference was
observed in the attraction between odours from frass in the other combinations
(Figure 4.11). For Cotesia sesamiae, there was no difference in attraction

between odours from the different types of frass exposed (Figure 4.11).

4.3.4 Response to stemborer larvae
Cotesia flavipes and Cotesia sesamiae more often oviposited in
unwashed hosts than washed hosts. There was no difference in the time taken

by the parasitoids to oviposit in washed or unwashed stemborer larvae (Table

4.1 and 4.2).
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Table 41  Acceptability of washed and unwashed larvae of Chilo

partellus for parasitization by Cotesia flavipes

Mean Mean
Treatment N Percentage of N Time to oviposition
larvae attacked + SE (seconds)
Washed larvae 50 56.0 b 28 67.57+11.03a
Unwashed larvae 40 825 a 33 48.91+ 8.83a

Numbers followed by the same letter in the same column are not significantly
different (SNK). Percentage of larvae attacked: F=5.80; P=0.0469; df=1, 7;

Time to oviposition: F=1.78; P=0.1867; df=1, 59.
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Table 4.2  Acceptability of washed and unwashed larvae Chilo partellus

for parasitization by Cotesia sesamiae

Treatment N Percentage of N Time to oviposition
larvae attacked + SE (seconds)

Washed larvae 40 25.0 b Lo 77.10+ 14.37a

Unwashed larvae 40 60.0 a 24 91.96+ 12.61a

Numbers followed by the same letter in the same column are not significantly
different (SNK). Percentage of larvae attacked: F=17.10; P=0.0061; df=I, . ;

Time to oviposition: F=0.47; P=0.50; df=1, 32.



64

4.4  Discussion

Plant odours play an important role in communication in tritrophic
systems.  Plant volatiles are commonly found to be long range attractants for
parasitoids (Vinson, 1985; Nordlund etal., 1988; Whitman, 1988; Williams et al.,
1988; Lewis and Martin, 1990; Lewis etal., 1990). For example, Campoletis
sonorensis was attracted to uninfested food plants of its hosts (Elzen etal.,
1983). Macrocentrus grandii, a larval parasitoid of the European com borer,
Ostrinia nubilalis, was also attracted to several plant species including the food
plant of its host, uninfested maize (Ding et al., 1989). In the present study,
Cotesia flavipes and Cotesia sesamiae were strongly attracted to selected
gramineous plants (maize, sorghum and, a wild host, napier grass) which are
host plants of stemborers. In all single-choice tests, the gramineous plant was
selected over the control, regardless of the plant species. Cotesia flavipes
showed a preference for maize over sorghum in the dual choice experiments.
This parasitoid was imported from Pakistan where it was collected from Chilo
partellus in maize fields. This preference may, therefore, be a reflection of a
genetic adaptation to searching in maize. In contrast, the indigenous parasitoid
Cotesia sesamiae, was more attracted to sorghum odours, and this may be due
to a long coevolutionary history between Cotesia sesamiae and sorghum, which
has its centre of origin in Africa (Doggett, 1988).

In a single choice test Cotesia flavipes was not attracted to uninfested

cowpea plants. When it was given a choice between maize and cowpea (both
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uninfested) the parasitoid did not show any preference. However, maize
infested with Chilo partellus was preferred to uninfested cowpea or cowpea
infested with M. testulalis, indicating that Cotesia flavipes was able to distinguish
between the infested gramineous plants and a legume. Itis difficultto explain
why Cotesia flavipes did not show a preference for the undamaged maize when
this was tested against uninfested cowpea. Except for few questionable

records (Cotesia flavipes attacking Diacrisia obliqua Walker and Porthesia
scintillans Walker, feeding on castor in India (Muthukrishnan and
Senthamizhselvan, 1987; Senthamizhselvan and Muthukrishnan, 1989)), Cotesia
flavipes and Cotesia sesamiae have been collected only from noctuid and
pyralid hosts feeding on gramineous plants (Polaszek and Walker, 1991), which
further implicates plants in providing important cues for host finding.

Cotesia flavipes and Cotesia sesamiae preferred odours from infested
plants over odours from uninfested plants, indicating that the parasitoids were
able to narrow their search to plants attacked by their hosts. Similar findings
have been reported in several tritrophic systems. Dicke et al. (1990a,b)
reported that lima bean and cucumber plants infested with two spotted spider
mites, Tetranychus urticae Koch, emitted a blend of volatiles that attracted the
predatory mites Phytoseiulus persimilis. Turlings et al. (1990a,b; 1991a,b)
found that plants damaged by the beet armyworm (Spodoptera exigua
(Hubner)) emitted volatile chemicals that were attractive to the parasitoid

Cotesia marginiventris.
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Odours from plants infested with S. calamistis were more attractive to
Cotesia flavipes and Cotesia sesamiae than those infested with Chilo partellus,
when the same number of plants was infested with an equal number of
stemborers.  Sesamia calamistis is a larger stemborer and feeds more
voraciously than Chilo partellus, thereby inflicting greater injury to the plant and
producing greater quantities of frass. Assuming that the volatiles involved in
parasitoid attraction are compounds commonly found in injured gramineous
plants, the quantities produced may be proportional to the amount of plant
injury, which could explain the greater attraction to plants infested with S.
calamistis. This hypothesis was supported by the fact that a larger number of
hosts on a plant increased attractiveness (Figure 4.6 and Figure 4.7). Similar
observations were made when Cotesia sesamiae was exposed to odour from
plants infested with B. fusca, also a large stemborer, and Chilo partellus (Figure
4.8). In a related study, Potting et al. (1993) also found that odours from plants
infested with the noctuid B. fusca were as attractive to Cotesia flavipes as
odours from maize plants infested by the smaller Chilo partellus. These results
strongly suggest that the two parasitoids are not able to discriminate between
maize plants infested by the four herbivore species under study, and that they
both seem to use a similar set of stimuli to locate their hosts. In contrast,
Cotesia marginiventris, a generalist parasitoid, which attacks numerous host
species on a wide range of plants, is able to distinguish between odours of two

different plants fed upon by the same host and also between two different host
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species feeding on the same  plant species (Turlings efa/.,1989, 1990b).It s
suggested that due to different feeding characteristics, different herbivore
species may cause a differential release of plant compounds which can be
detected by parasitoids after experience (Turlings et al., 1991a). In Cotesia
flavipes, however, there is no learning (Potting et al., unpublished data), as the
insects live for only 2-3 days (Moutia and Courtois, 1952; Gifford and Mann,
1967; Kajita and Drake, 1969). Because of their short longevity, females of
Cotesia flavipes may search primarily within the habitat where they emerge, and

may be adapted to parasitize all lepidopterous stemborers occurring in that

habitat.

Once a parasitoid reaches the microhabitat of its host, it may rely on
kairomones present in the by-products of the host (e.g. frass) to finally locate its
host (Nordlund efa/.,1988). The results of the single choice experiments with
host frass showed that frass odours from Chilo partellus, Chilo
orichalcocilielius, S. calamistis and B. fusca fed on three different plants
(maize, sorghum, and napier grass) were all attractive to the searching Cotesia
flavipes and Cotesia sesamiae females. In dual choice experiments, results
indicated that odours produced by frass from Chilo spp. were more attractive to
Cotesia flavipes than odours from frass of B. fusca. Cotesia sesamiae was also
attracted to frass obtained from the four different hosts under study, but did not
discriminate between frass from different species fed on maize. The host diet in

this case, maize, sorghum and napier grass, did not seem to influence
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attraction of Cotesia flavipes and Cotesia sesamiae. In contrast, Van Leerdam
et al. (1985) reported that Cotesia flavipes was more attracted to fresh frass of
D. saccharalis larva from sugarcane than Johnson grass, Sorghum halepense
(L.) Pers. However, frass from both sources were equally attractive in a no-
choice situation. Similarly, Mohyuddin et al. (1981) showed that Cotesia flavipes
strongly responded to frass from Chilo partellus larvae that had fed on maize,
but weakly to frass from larvae fed on sugarcane. Inayatullah (1983) also
reported that, frass produced by Chilo partellus, S. inferens, S. uniformis fed on
sorghum, were highly attractive, but frass from E. depressela fed on maize,
sorghum, sugarcane, pearl millet, and frass from Chilo partellus, Chilo
infuscatellus, A. stenellus fed on sugarcane were less attractive. Cotesia
sesamiae showed a stronger response to frass from Chilo infuscatellus, E.
depressella, and A. steniellus fed on maize when compared to frass obtained
from the same hosts fed on sugarcane (Shami and Mohyuddin, 1986).

Host larvae which were removed from plants where they had been
feeding for more than 24 hours, were readily attacked by Cotesia flavipes and
Cotesia sesamiae. Washed larvae that had been similarly exposed were also
attacked but the proportion attacked was lower. These results suggest that
short range attractants and contact kairomones may have been removed by
washing. The kairomone(s) responsible for short range attraction and
oviposition kairomone(s), ifthey exist, may be water soluble. However, about

55% of washed larvae were stung by Cotesia flavipes, which suggests that



69

there were other components of the kairomone(s) that were not removed.
Alternatively the parasitoid may have responded to secretions from the mouth
and volatiles from faeces as they walked near the mouthparts and the tip of the
abdomen, since the larva continuously regurgitated fluids and defecated even
after being washed. In another study, itwas reported that Cotesia rubecula is
attracted to oral secretions of its host P. rapae (Agelopoulos and Keller, 1994a).
An oviposition kairomone has been reported from the mandibular gland of Chilo
partellus (Mohyuddin etal. 1981; Muzaffar and Inayatullah, 1986).

The exotic parasitoid, Cotesia flavipes, was released at the Kenya coast
in 1993 by ICIPE. The target species of this biological control programme is the
introduced stemborer Chilo partellus. However, two other stemborer species,

S. calamistis and Chilo orichalcociliellus, occur in the same ecosystem. During
the two cropping seasons (long rains, April-June; short rains October-

December) all three stemborer species coexist in maize fields (Warui and Kauria,
1983) and wild grasses (Mbapila J.C., unpublished data). In periods between
cropping seasons, stemborers aestivate in maize stubbles, but remain actively
feeding in wild grasses (Mbapila J.C., unpublished data), including napier grass,
in the proximity of cultivated areas. The results of this study suggest that
Cotesia flavipes may be able to search and attack all three stemborer species in
cultivated and wild grasses during the cropping seasons, and wild grasses
during periods between cropping seasons. Moreover, when maize and

sorghum are grown in close proximity, our results suggest that Cotesia flavipes
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may exhibit a greater propensity for searching in maize. These results also
suggest that the niches of the two parasitoids overlap and competition for hosts
is likely to occur. Competition between the two parasitoids could lead
disappearance  of one of the two species. However, due to differences

observed in plant preference both parasitoids may persist in the same region.
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C. flavipes C. sesamiae

gg Response to arm with plants
GDResponse to arm with clean air
80 E3 No response

60
40

20

< 90

C

2 60
40

20

80—
60
40

20

Figure 4.1 Response of Cotesiaflavipes and Cotesia sesamiae to odours from
uninfested plants: (1) maize, (I1) sorghum,
and (I11) napier grass in a Y-tube olfactometer.
*** = p <0.005; ** =P <0.01; *=P<0.05
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C. flavipes C. sesamiae

I. Maize versus sorghum
151 Response to ododrfrom maize
run Response to odour from sorghum
E3 No response

[l. Maize versus napier grass

83 Response to odour from maize
dm Response to odour from napier grass
EE3 No response

Response of Cotesiaflavipes and Cotesia sesamiae to odours
from uninfested plants in two choice experiments

in the Y-tube olfactometer. (I) Maize versus sorghum,

(1) Maize versus napier grass. *** = P < 0.005;

** = p <0.01; *= P <0.05; ns= not significant.
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Response of Cotesiaflavipes to odours from uninfested
plants in the Y-tube olfactometer. (1) cowpea
versus clean air. (I1) cowpea versus maize,

ns = not significant.
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C. flavipes C. sesamiae

1] g8 Response to arm with infested plants
H Response to arm with clean plants
O No response

Response of Cotesiaflavipes and Cotesia sesamiae to odours from
maize plants infested with (1) Chilo partellus,

(1) Chilo orichalcociliellus. (111) S. calamistis

and uninfested maize plants in the Y-tube olfactometer

*** = p <0.005; ** =P <0.01; *=P <0.05.
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C. flavipes C. sesamiae

gg Response to arm with 2 C. partellus larvae

80 HD Response to arm with 2 C. orichalcocilielius larvae
EE) No response
60
40
cd 20
Cl)
c
B
Cl
. ES Response to arm with 2 C. partellus larvae
1
80 fm Response to arm with 2 S. calamistis larvae
E3 No response
60
40
20

Figure 4.5 Response of Cotesiaflavipes and Cotesia sesamiae, in
the Y-tube olfactometer, to odours from infested
maize in two choice tests: (I) maize infested
with 2 Chilo partellus larvae versus maize infested
with 2 Chilo orichalcocilielius larvae. (I1) maize
infested with 2 Chilo partellus larvae versus maize
infested with 2 S. calamistis larvae. *** = P < 0 005’
** = P<0.05 *=P<0.05; ns=not significant.
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E3 No response

gy Response to arm with 2
C. partellus larvae
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Figure 4.6 Choice by Cotesiaflavipes in the Y-tube olfactometer
between odours from maize plants infested with
different stemborers species at different
densities. *** = p < 0.005;

** =P <0.01; *=P <0.05; ns = not significant.
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Figure 4.7 Choice by Cotesia sesamiae in the Y-tube olfactometer,
between odours from maize plants infested by two
or ten stemborers. ns = not significant.
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Figure 4.8 Choice by Cotesia sesamiae in the Y-tube olfactometer
between odours from: (I) maize plants infested
with B.fusca larvae and uninfested maize; (I1)
maize plants infested with 2 Chilo partellus larvae
and 2 B.fusca larvae; (111) Maize plants infested

with 10 Chilo partellus larvae and 2 B.fusca larvae
*** = p <0.005; ** =P <0.01; *=P <0.05.
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Figure 4.9 Choice by Cotesiaflavipes in the Y-tube olfactometer
between odours from : (1) maize infested with
Chilo partellus and uninfested cowpea; (1) maize
infested with Chilo partellus and cowpea infested
withM testulalis. *** = P < 0.005;
** =P <0.01; *= P <0.05.
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Figure 4.10 Response of Cotesiaflavipes and Cotesia sesamiae to odours
from frass produced by different stemborer species
fed on maize, sorghum, and napier grass in the
T-tube olfactometer. C.P.= Chilo partellus’,
C.0.= Chilo orichalcociliellus; S.C.= S. calamistis;
B.F = B.fusca. All frass were highly attractive.
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Figure 4.11 Response of Cotesiaflavipes and Cotesia sesamiae to odours from
frass produced by different stemborer species
fed on maize in the T-tube olfactometer (dual choice).
P = Chilo partellus; O = Chilo orichalcocilielius;
C = S. calamistis\ F - B.fusca, *= P <0.05.
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CHAPTER FIVE

5. Isolation and ldentification of allelochemicals involved in the host

selection process of Cotesia flavipes
51 Introduction

The bioassay results from Chapter four strongly suggested that volatile
compounds originating from maize plants infested with stemborers, or maize plants
treated with stemborer regurgitant (Potting et at., 1995), or frass from larvae of
different species of stemborers play an important role in the orientation of Cotesia
flavipes, to the microhabitat of its hosts (See Section 4). The nature of the
attractive components of the volatile blend is not known. This information could
be useful in understanding the foraging strategies of Cotesia flavipes in the new
environment where itis introduced and could provide potential forthe manipulation
of the behaviour of the parasitoids(Whitman, 1988). This study was therefore
undertaken with the aim to identify chemicals present in the volatile extracts from
maize plants infested with Chilo partellus that are attractive to Cotesia flavipes, and
to compare chemical profiles of odours from infested maize, uninfested maize,
maize treated with larval regurgitant, and frass from different host species. Details

of the experiments conducted are described in section 5.2.

5.2 Materials and methods
Insects. Parasitoids and herbivores were reared and held as described in

section 3.1 Chilo partellus, Chilo orichalcociliellus, B. fusca and S. calamistis,
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were used inthe experiments to infest maize plants (Hybrid 5-12). Cotesia flavipes
was reared on Chilo partellus fed on artificial diet. One-day old, mated, and fed

female parasitoids were used in the bioassays.

5.2.1 Volatile collections
Volatiles were collected from different test materials for comparative studies

or for the identification of electrophysiologically active components.

(a) Collection of volatiles for comparative studies

() Infested versus uninfested plants

Two sets of seedlings of 10 days old maize plants were used: 10 uninfested
maize seedlings (UNINFES) and 10 seedlings infested with 10-20 third instar Chilo
partellus larvae (PHC-L). Before trapping volatiles, plants from both sets were
pulled out of the soil and the roots washed and cut off. The cut ends of the
individual plants were wrapped in wet cotton wool and then in aluminum foil before
being placed in afive litre round bottomed flask for collection of volatiles.
Collection of odour from UNINFES and PHC-L lasted four hours. Traps were
eluted usingHPLC grade dichloromethane  (Aldrich Ltd., UK; 4 ml) and
concentrated  under a streamof nitrogen at 0 °C to 50 /A. Samples were stored

in a freezer at -15 °C.
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(i) Plants treated with regurgitant versus untreated plants

Two sets of 10 days old maize seedlings were either used uninfested
(UNINFES) or treated with regurgitant from Chilo partellus (PHC-R). Regurgitation
was induced by holding each 4th or 5th instar larva of Chilo partellus with a pair
of soft forceps and squeezing them gently (Mattiacci etal., 1994). The regurgitant
was collected ina .. //l microcapillary tube positioned close to the mouth of the
larva.  Ten plants were artificially damaged by making holes in three leaves
including the leaf whorl with a pin, and .. //l of regurgitant was applied per plant
on the damaged leaves. Another set of ten undamaged plants served as the
control. Both test and control plants were kept for 16-18 hours (overnight) before
volatiles were collected. Volatiles were trapped from plants for four hours. Traps
were eluted, as indicated above, using HPLC grade dichloromethane (Aldrich Ltd.,
UK; 4 ml) and concentrated under a stream of nitrogen at 0 °C to 50 jji. Samples

were stored in the freezer at -15 °C.

(iii) Infested pieces of maize stem versus uninfested maize stems

Tasseling plants were excised from the field and their leaves removed from
the stems and discarded. Stems were then cut into small pieces of about 5 cm
long. Twenty of these pieces of stem, together with 200 medium size larvae of
Chilo partellus (which had been feeding on stalks for at least 48 hours) (PHC-S),
were placed in a three neck one litre round-bottomed flask and larvae were

allowed to feed for 18-20 hrs prior to collection of volatiles. For the control, the
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same number of pieces of stem were kept for the same duration without larvae
before volatiles were collected (UNINFES-S). Traps were also eluted using HPLC
grade dichloromethane (Aldrich Ltd.,UK; 4ml), and were concentrated and stored

as mentioned above prior to analyses.

(iv) Frass

Frass was produced by medium, 4th or 5th, instar larvae feeding for 48
hours on fresh maize stems from tasseling plants in a glass jar covered with
aluminum foil. Frass obtained during the first 24 hours was discarded to avoid
contamination from the artificial diet. Frass produced in the next 24 hours was
collected, weighed and placed in the trapping chamber. Frass produced by Chilo
partellus, S. calamistis and B. fusca was used. Collection of volatiles lasted four
hours. Samples were eluted, concentrated, and stored as indicated above.

Volatiles released by the different test materials were collected from
chambers of different sizes depending on the test material. The air entrainment
method described in section 3.4 was used to trap volatiles. A five litre round
bottomed flask was used for collecting volatiles from PHC-L, UNINFES, PHC-R,
and a one litre flask for PHC-S and UNINFES-S. Volatiles were collected from
frass confined ina two part glass tube with quick fitground glass joints; the male

part had 5 cm x 2.6 cm ID and the female part was 9 cm x 3.4 cm ID.
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(b) Volatile collection for chemical identification

Volatiles were collected from 40 two to three months old potted maize plants
infested with 4th or 5th instar larvae of Chilo partellus (PHC-B) at a density of ten
larvae per plant. These larvae were placed in the leaf whorl and allowed to eat
their way into the stems overnight. Plants were cut just above the soil level and
placed in a glass box 10-15 minutes before trapping (see section 3.4.1). The cut
ends of plants stood in water. A push-pull odour collection system described in
section 3.4.1 was used for trapping volatiles from PHC-B. Collection of odour from
these test materials lasted 24 hrs. Trapped volatiles were eluted with HPLC grade
dichloromethane (Aldrich Ltd., UK; 4ml). Four volatile extracts obtained in four
consecutive days from different sets of plants were merged, concentrated under
a stream of nitrogen at 0 °C to 50 jj\ and stored as indicated earlier for subsequent

analyses.

5.2.2 Analyses of Volatiles

Volatile extracts from PHC-L, UNINFES, PHC-R, PHC-S, UNINFES-S, and
frass, were analyzed by GC (Hewlett-Packard (HP) 5890) using either a methyl
silicone or Carbowax column, as indicated in section 3.4. 40 ng of an internal
standard, dodecane, was added to the sample before itwas injected into the GC.
The chromatograms obtained from different test materials analyzed on the same
column were compared.

Coupled gas chromatography-electroantennographic detector (GC-EAD)
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analyses were performed on a Carbowax column (50mm x 0.2mm ID x 0.2 //m)
and employed the same conditions as for the GC analyses of volatiles.
Electroantennograms  (EAGSs) were recorded from antennae of one-day old mated
and fed naive females of Cotesia flavipes. Four to five microlitres of samples
(PHC-B) were injected into the GC and EAGs and corresponding GC peaks were
monitored.

GC-MS analyses were carried out on a VG Masslab 12-250 mass
spectrometer as outlined in section 3.4 for chemical identification of both EAG-
active and inactive peaks. ldentities ofcompounds were confirmed by comparison
of retention times, and mass spectral data of authentic samples on the Carbowax

column.

5.2.3 Behavioural bioassays
Bioassays were conducted on extracts of collected volatiles and synthetic
chemicals inthe T-and Y-tube olfactometers (See section 3.3.1 forbioassay set-up

and procedure).

(a) Bioassays of volatile extracts

0] Cotesia flavipes females were exposed in the Y-tube olfactometer to
volatiles collected from PHC-B. Extracts from one volatile collection were brought
to 500 iA by adding solvent before itwas used. Doses were prepared in volumes

and converted into collection minute equivalent (CME). One CME is the amount
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of volatiles collected within one minute. Each collection contained 1440 CME (24
hrs). Five different doses; 10, 30, 100, 300, and 1000 CME were tested. Each
dose was mixed with 100/1 of light paraffin oil (Merk, Germany), then applied to
filter paper discs (Whatman No.l, 5.5 cm diameter). Control discs contained
similar amounts of solvent and paraffin oil only. Tests for each dose were

replicated six times, each with six parasitoids.

(i) Volatile extracts from PHC-L were tested for activity in the T-tube
olfactometer. Extracts were brought to 500 //l before use. The amount of volatile
collected was also expressed in collection minute equivalents (CME). Since the
results from the previous experiment showed that the parasitoids responded inthe
same manner to all doses tested, only one dose (80 CME) was used in this
experiment. The sample was mixed with 100/1 of paraffin oil and then applied onto
filter paper discs (Whatman No. 1, 5.5 cm diameter). Control discs contained a
similar amount of solvent and paraffin oil only. There were three replicates of 20

parasitoids each. One collection was used for one replicate.

(b) Bioassays of synthetic compounds

Q) Of the compounds which were identified from infested maize plants,
three gave antennal responses inthe GC-EAD analyses, (E)-/?-farnesene (authentic
sample supplied by J. A. Pickett, Rothamsted experimentation station, UK), (2)-3-

hexenyl acetate (authentic sample supplied by M. Dicke Wageningen Agricultural
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University, The Netherlands) and anisole (authentic sample obtained from Aldrich,
UK). Another compound, linalool (authentic sample obtained from Aldrich) also
gave antennal response.  These four chemicals were tested singly, and/or in
combination. Tests were carried out at 250, 500, and 1000 ng. In the experiments
involving combinations of compounds, blends were tested as follows: (1). a
mixture of (E)-/?-famesene (FAR),(Z)-3-hexenyl acetate (HA)and linalool (LIN) (in
a 1:1:1 ratio); (2). the mixture described in (1) minus FAR; (3). the mixture

described in (1) minus HA; (4). the mixture described in (1) minus LIN.

(i) Authentic sample of the ten compounds which were identified from the
infested maize, myrcene (Aldrich), 2-heptanone (Roth), 4,8-dimethyl-I,3,7-
nonatriene (from J. A. Pickett), (Z)-3-hexenyl acetate (from M. Dicke), anisole
(Aldrich), (Z2)-3-hexen-1-ol (Aldrich), cyclosativen (ICIPE), a-copaene (Roth),
cedrene (Roth), (E)-/?-farnesene (from J. A. Pickett), were mixed together in the
proportion reflected in the GC results, i.e. 10:0.4:17:100:4:26:20:1:8:21 and tested
at two doses (land 10//g). Samples were applied on filterpaper discs (Whatman
No.l, 5.5 cm diameter) as described above. The synthetic compounds were
mixed with paraffin oil and hexane (E-/?-farnesene and 4, 8-dimethyl-1,3,7-
nonatriene, were obtained from J. A. Pickett, in hexane). Control discs contained

similar amounts of oil and hexane.

(iii) In addition, nine commercially available synthetic chemicals (identified
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from maize volatiles by Buttery and Ling, 1984) were tested individually for
attraction in the T-tube olfactometer. These included hexanal (Aldrich), (E)-2-
hexenal (supplied by M. Dicke), 2-heptanone (Roth), (Z)-3-hexenyl acetate (M.
Dicke), (Z)-3-hexen-l-ol (Aldrich), myrcene (Aldrich), linalool (Aldrich), ff-copaene
(Roth) and nerolidol (supplied by H.J. Williams, Texas A&MUniversity, USA). The
compounds were dissolved in dichloromethane and paraffin oil and applied onto
filter paper discs (Whatman No. 1, 5.5 cm diameter) as described above. Four
different doses were tested: 0.5, 5, 10, and 25 jjg. Filterpapers impregnated with
test material were folded and placed in either arm of the T-tube as described in
section 3. The control disc contained equivalent amounts of solvent and paraffin
oil only. Thirty parasitoids were observed per replicate and the experiment was
replicated 3 times. Vials carrying test and control material were changed after 15
minutes (about ten observations) and new material applied. Synthetic chemicals

used in the bioassays were 98% pure by GC analyses.

5.3 Results
5.3.1 Analyses of volatiles

Infested versus uninfested plants. Gas chromatographic analyses of
trapped volatiles from PHC-L and UNINFES showed both qualitative and
quantitative differences in the profiles (Figure 5.1). Trapped volatiles from

UNINFES recorded consistently fewer and smaller peaks than PHC-L. The obvious

quantitative increase in chemicals emitted was shown by peaks 8, 9 and 18 of
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PHC-L identified as 4,8-dimethyl-1,3,7-nonatriene, anisole, and (E)-/?-famesene
respectively (see below). Peaks 9 and 18 were absent in UNINFES.

Plants treated with regurgitant versus untreated plants. The GC profiles
of volatiles collected from untreated maize seedlings and those treated with larval
regurgitant showed that PHC-R emitted similar compounds as PHC-L but in
relatively smaller amounts. However the amount released was still higher than that
of UNINFES (Figure 5.2 and Table 5.1). Peak 9 was present only in trace amount

in UNINFES.

Infested pieces of maize stem versus uninfested maize stems. The GC
profiles from volatiles collected from uninfested maize stem and maize stem
infested with Chilo partellus larvae also showed quantitative differences (Figure

5.3).

Frass. There was very littlequalitative difference in the chemical profiles of
frass collected from Chilo partellus and B. fusca fed on maize (Figure 5.4).
However, significant quantitative differences were found between the volatile
profiles of Chilo partellus and S. calamistis as shown by the peak labelled AB

(Figure 5.5)

GC-EAD analyses. GC-EAD analyses of volatiles from PHC-B showed that

Cotesia flavipes antenna responded to about 12 peaks in the volatile blend.
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Strong as well as weak responses were recorded (Figure 5.6). Three of the EAG
active peaks were identified as anisole, (Z)-3-hexenyl acetate, and (E)-/?-farnesene
(see GC-MS analyses below). GC-EAD tests with the four authentic compounds

(anisole, (Z)-3-hexenyl acetate, (E)-/?-farnesene and linalool) showed that they were
EAG active and eluted from the GC at the same retention times as the respective
peaks of the crude volatile collection (Figure 5.7 and Figure 5.8) thus confirming

their identity.

GC-MS analyses. GC-MS analyses of extracts from PHC-B gave the
chromatogram shown in Figure 5.9. Eleven compounds were identified (see Table
5.2). Their spectra and structures are given in Figure 5.10a to Figure 5.10j. These
included an aldehyde, ketones, aromatic compounds, alcohols terpenes and

esters.

5.3.2 Behavioural bioassays

(@) Response of parasitoid to volatile extracts

At all the doses tested, Cotesia flavipes was highly attracted to volatiles
collected from maize plants infested with Chilo partellus in the glass box (PHC-B)
when compared to the control (solvent and paraffin oil) (Figure 5.11). Similar
results were obtained for volatiles collected from maize seedlings infested with
Chilo partellus larvae (PHC-L) (Figure 5.12). Odours from uninfested seedlings

were also more attractive than the control (Figure 5.12).
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(b) Response of parasitoid to synthetic compounds

When parasitoids were exposed to a mixture of the three chemicals that
gave antennal responses, ((Z)-3-hexenyl acetate, (E)-/?-farnesene and linalool) in
a ratio of 1:1:1, significant (P<0.05) attraction was observed at 250 and 500 ng
(Figure 5.13). The binary mixture in which (Z)-3-hexenyl acetate or (E)-/?~famesene
were present were also as attractive. (E)-/?- famesene or (Z)-3-hexenyl acetate
were attractive individually (Figure 5.14). Anisole (methoxybenzene) was attractive
at all the doses tested (Figure 5.14).

Cotesia flavipes was strongly attracted to 10 /yg of the synthetic blend of 10
identified compounds  (Figure 5.15). The monoterpene, 4,8-dimethyl-1,3,7-
nonatriene was attractive at a dose of 1000 ng (Figure 5.16).

No significant attraction was observed for the nine individual compounds
identified from maize volatiles (Buttery and Ling, 1984) which were tested at 4

different doses (Figure 5.17 and Figure 5.18).

5.4  Discussion

Results in section 4 indicated that although Cotesia flavipes was attracted
to odours from uninfested maize plants, host frass, or artificiallydamaged plants
(cf. Potting etal., 1995); the parasitoid was preferentially attracted to volatiles from
maize plants on which stemborers had been feeding (PHC). This was further
supported by olfactometric data on tests with volatile extracts from infested and

uninfested maize plants which were also differentially attractive to Cotesia flavipes,
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albeit in a dose-independent manner. This suggests that the different doses tested
were within a narrow band of the whole range of attractive doses. Turlings et al.
(1991b) found that Cotesia marginiventris responded to the crude extract of maize
seedlings damaged by S. exigua; however, this parasitoid responded in a dose
related manner.

GC-EAD analyses of the volatile extracts showed that the antennal receptors
of females of Cotesia flavipes responded to 12 peaks in the crude extracts, three
of which were identified as (Z)-3-hexenyl acetate, anisole and (E)-/?-famesene.
These three compounds were behaviourally active when tested singly and in binary
and tertiary mixtures (Figure 5.14). There is no evidence in the literature that
anisole has been identified previously in this system. However, recently Torto etal.
(1994) identified anisole as one of the EAG-active components of volatiles of the
adult desert locust, Schistocerca gregaria (Forskal). Although anisole was inactive
in aggregation bioassays (Torto B. etal. 1994), it has recently been shown to be
a component in the blend of volatiles involved in accelerated maturation of the
desert locust, S. gregaria (Torto B., pers. comm.). The significance of these
findings in chemical ecology is that a range of allelochemicals has been
demonstrated to play different and often opposite semiochemical roles in different
insects (Janzen, 1979; Matsuda and Senbo, 1986; Norris, 1986; Whitman, 1988)
reflecting different evolutionary responses of herbivores to chemicals elaborated
by plants. The GC-EAD technique has widely and reliably been wused for

identification of insect pheromones, but only a small number of reports indicate
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the use of this technique in characterization of allelochemicals involved in the
tritrophic interactions of insects (Struble and Arn, 1984). Identification of anisole
as an additional kairomone of Cotesia flavipes in the tritrophic system under study
shows that this technique can be used fora fullcharacterization of the kairomones
involved in host selection by parasitoids. Using GC-EAD recordings Baehrecke et
al. (1989) demonstrated that Campoletis sonorensis antenna responded to
chemicals identified from cotton (Gossypium hirsutum L.), the habitat of its host
Heliothis virescens.

Studies involving several tritrophic systems have demonstrated that feeding
by the herbivore on the plant induces release of new volatile compounds
(herbivore induced synomones) that attract predators and/or parasitoids of the
herbivores (Sabelis efa/.,1984; Dicke and Sabelis, 1988b; Dicke et al., 1990 b;
Turlings etal., 1990 ab, 1991b; Agelopoulos and Keller, 1994 abc; Mattiacci et al.,
1994). Chemical data obtained in this study showed that stemborer-damaged
plants are a source of compounds attractive to Cotesia flavipes. There were
qualitative and quantitative differences between the volatile profiles of uninfested
maize plants, infested maize and artificially damaged maize plants treated with
larval regurgitant. Uninfested plants released only minute quantities of compounds.
However, when these plants were fed on by stemborers, a dramatic increase
occurred in the number and the proportions of volatiles released (Figure 5.1). In

particular, terpenoids and green leaf volatiles (GLVs) were among the chemicals

identified from the PHC.
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Green leaf volatiles (GLVs) are saturated and unsaturated six carbon
alcohols aldehydes and derived esters formed by oxidative degradation of plant
lipids, through the "lipoxygenase pathway" (Hatanaka, 1993). They have been
reported as volatile components of numerous plants from several families (Visser
etal., 1979) and shown to play a role in host detection by phytophagous insects
(Visser, 1986). Recently, synthetic and natural GLVs from damaged cowpea
leaves, were reported to attract the braconid parasitoid, Microplitis croceipes in a
wind-tunnel (Whitman and Eller, 1990). The green leaf volatiles identified in this
study included (E)-2-hexenal, (Z)-3-hexen-l-ol, and (Z)-3-hexenyl acetate. These
compounds were also identified in a similar study involving maize seedlings, the
beet armyworm and the parasitoid Cotesia margiventris (Turlings et al., 1991 b).

In addition to GLVs, terpenoids have been implicated in the host searching
behaviour of parasitoids (Takabayashi efa/.,1994). Terpenoids identified in this
study include myrcene, 4,8-dimethyl, 1,3,7-nonatriene, cyclosativen, a-copaene, (E)-

[?-famesene and cedrene. Other unidentified essential oils were also present in the

volatile extracts. More chemical work is needed for a complete identification of all
the components of the volatile blend. (E)-/?-famesene was the most abundant
terpenoid in the volatile extract from PHC-B but it was absent in the headspace

collection of uninfested maize plants, suggesting that it is a host induced
synomone. A similar observation was made by Turlings etal. (1991b) in the maize
- beet armyworm Cotesia marginiventris system.  This compound was also

identified in the volatiles of maize leaves by Buttery and Ling (1984). (E)-/?-
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farnesene is known to attract the chalcid wasps (Kamm and Buttery, 1983), and
serves as an alarm pheromone for aphids (Bowers et al. 1972; Edwards et al.,
1973; Wohlers, 1981).

In the T-tube olfactometer test, Cotesia flavipes responded to 4,8-dimethyl-
1,3,7-nonatriene.  There was also a significant increase in the amount of 4,8-
dimethyl-1,3,7-nonatriene released by damaged plants. However, in a tritrophic
system involving the brussels sprouts plants - Pieris brassicae larvae - and Cotesia
glomerata, significant quantitative difference was observed in the amounts ofGLVs
rather than terpenoids released by infested and uninfested plants when their
volatile emissions were compared (Mattiacci ef al., 1994). The terpenoid 4,8-
dimethyl-1,3,7-nonatriene was also reported from oil of Elettaria cardamomum
(cardamom oil) (Maurer et al., 1986) and from night-scented flowers of different
plant species that are pollinated by moths (Kaiser, 1987) and was first reported in
maize by Turlings et al. (1991b). This compound is also released by lima bean
leaves (Dicke ef al., 1990a) and cucumber leaves (Dicke et al., 1990b) that have
been subjected to spider mite infestation. The 4,8-dimethyl-1,3,7-nonatriene has
been listed among the herbivore-induced synomones that attract natural enemies
(reviewed by Dicke, 1994). According to Dicke (1994), 4,8-dimethyl-1,3,7-
nonatriene is also synthesized by many species of plants without any mediation by
herbivory from the terpene alcohols, nerolidol and geranyllinalool.

A factor present in the regurgitant of caterpillars has been previously

implicated in the production of herbivore-induced synomones (Potting etal., 1995).
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Itwas demonstrated that Cotesia flavipes preferred leaves of maize plants treated
with stemborer regurgitant to leaves of untreated maize plants. In this study, itwas
noted that the chemical composition of plants treated with regurgitant was
qualitatively and quantitatively different from that of undamaged maize plants.
These changes in the volatile composition may be the basis of the enhanced
attractiveness of volatiles from damaged plants treated with larval regurgitant as
reported by Potting et al. (1995). Similar observations have been made in other
tritrophic systems involving several plant species such as maize, lima bean,
cucumber, and cabbage (Turlings et al. 1993; Dicke, 1994; Mattiacci et al. 1994;
Agelopoulos and Keller, 1994a).

The bioassay data showed that compounds previously identified by Buttery
andLing (1984) did not elicit a significant response from Cotesia flavipes. Itis
possible that these compounds may be active at very small doses or in blends as
synergists. Further work is necessary to evaluate the efficiency of these
compounds in host detection by Cotesia flavipes.

The GC profiles of volatiles from frass obtained from Chilo partellus, and B.
fusca larvae fed on maize stems did not show any major differences. This may
explain the lack of preference of Cotesia flavipes for volatiles from frass of the four
stemborer species fed on maize (see section 4). However, the only conspicuous
quantitative difference between frass volatiles of Chilo partellus and those of S.
calamistis was in peak AB (Figure 5.5). Whether this difference influences the

behaviour of Cotesia flavipes or Cotesia sesamiae is yet to be elucidated.
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Time in minutes

Gas chromatograms of volatiles released by: (A) uninfested maize
seedlings (UNINFES); (B) maize seedlings infested with Chilo
partellus (PHC-L). Chromatograms were obtained by analyses of
volatiles on a 50 m Carbowax column after 4 hours of collection
Peak numbers correspond to compounds in Table 5.2.



Figure 5.2 Gas chromatograms of volatiles released by: (A) undamaged maize
seedlings (UNINFES): (B) maize seedlings treated with regurgitant of
Chilo partellus (PHC-R). Chromatograms were obtained by analyses
of volatiles on a 50 m Carbowax column after 4 hours of collection
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Table 5.1 Compounds identified in the headspace of maize plant in different

treatments.
Treatments
Compounds UNINFES PHC-B PHC-L PHC-R
myrcene + + + +
2-heptanone (+) + (+) (+)
4,8-dimethyl-1,3,7-
nonatriene +) + +) +)
(2)-3-hexenyl-
acetate + + + +
(2)-2-hexenal + + + +
anisole + + ~
(2)-3-hexen-1-ol +
cyclosativen + + + +
a-copaene + + + +
cedrene + + + +
(E)-/?-farnesene + + +

UNINFES = uninfested maize seedlings; PHC-B = 2-3 months old maize plants infested with C.
partellus larvae; PHC-L = maize seedlings infested with C. partellus larvae; PHC-R = maize
seedlings treated with C. partellus regurgitant. + Present; (+) Not always present; - Absent; ~ Trace
amounts;
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Figure 5.3
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15 20
Time in minutes

Gas chromatograms of volatiles released by (A) maize stem infested
with Chib partellus larvae (PHC-S); (B) uninfested maize stem
(UNINFES-S). Chromatograms were obtained by analyses of

volatiles on a 50 m Methyl silicone column, after 4 hours o f collection
IS = internal standard, dodecane.
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L - A AAX s 1L
uJwJL
t 1 r
15 20 25
Time in minutes
Gas chromatograms of volatiles released by frass produced by (A")

H uh partellus fed on maize stem; (B) B. fusca fed on maize stem

Analyses were done after 4 hours of collection on a 50 m methvl
silicone column. IS = internal standard, dodecane.
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Figure 5.5

Gas chromatograms of volatiles released by frass produced by (A)
Chilopartellus larvae fed on maize stem; (B) S. calamistis larvae fed
on maize. Analyses were done after 4 hours of collection on a 50 m
methyl silicone column. AB = peak only present in large quantities in
frass of S. calamistis. IS = internal standard, dodecane.
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Time in minutes

Figure 5.7  EAG response (arrow) to synthetic chemicals:
(A) (2)-3-hexenyl acetate; (B) anisole in
GC-EAD recording



Time in minutes

Figure 5.8 EAG response to synthetic chemicals: (A) (E)- J3-farnesene;
(B) linalool in GC - EAD recording



T o Twp @;C
I P )

I___g~
[z

¢g @E

9SU0ds0J JOP9;0Q



O T- D co
LO Tf- CD

[¢]
C\iCON N
cvicvd CM oVl

to
co
T-
cM

~  Cco
Cco o

1O ==
[o"A]

T-

S 2 v

88008 at BuoB8L8 08 8o >\0/me nhU.._._._OO

vOovO &zl o qoll 8@ Lo

R

fil)
E

Romadop

o> vomcollog

T-

°cMcomoo

Qo
0COO0)r-T— T- T—

NNN
loioco



110

(@- OHd) snjeued D M pelsejul SzZW UDY POSIOO SS|NEOA  UDY

QueOOUIoco

o

oows8o o o.X.Qm

5

LoOANAWL o oD S8 B 0!8+

esuodsej jo\ob\qq



(@- oHd) snawed)

UM paIsajul 8zew  upy  palog|iod  Ssojrejon uny  punodwod (Q)

(rT1=

M) 9idwes onuayine () :suoueiday-zjo endads sseN gOT'S aInb4



112

o

@z v wch

W< O

IS

o

©

o

(@- OHd) snieuedD ym  palsajul
o Ponwolk b o®503
ENLS - S NEBS8 8

@ W J&Yumo 888

oo 26ImSm

0SUOdS0J JOP019Q



Detector response

113

Mass number (m/e)

Figure 510d Mas spectra of authentic samples of (a) (E)-2-hexenal;
(b) (2)-3-hexenyl acetate; and (c) compound from
volatiles collected from maize infested with C. partellus (PHC - B)
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Figure 5.11

[20

Doses (cme)

Response of Cotesiaflavipes in the Y-tube olfactometer
to volatiles collected from 2-3 month old maize

infested with Chilo partellus larvae.
*** = p < 0.005.
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PHC-L UNINFES
Odour source

Response of Cotesiaflavipes in the T-tube olfactometer to volatiles
collected from maize seedlings infested with larvae of Chilo partellus
(PHC-L) and uninfested maize seedlings (UNINFES). *** = P <
0.005; ** = P <0.01.
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HA/FAR LIN/HA LIN/FAR
Chemical mixture

Figure 5.13 Response of Cotesiaflavipes, in the T-tube olfactometer,
to mixtures of chemicals. FAR = (E)-P-farnesene;
HA = (Z)-3-hexenyl acetate; jJJN = linalool. * = P < 0.05.
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Figure 5.14 Response of Cotesiaflavipes to three synthetic
compounds viz., (Z)-3-hexenyl acetate, anisole,
and (E)-farnesene, in the T-tube olfactometer.
**=P<0.0] *=P<0.05
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Test Control

by T Ey fy T fy T

0 20 40 60
% response

QT
3
(S
8

Figure 515 Response of Cotesiaflavipes, in the T-tube olfactometer,
to mixtures of ., chemicals (myrcene, . -heptanone,
4,8-dimethyl- 1,3,7-nonatriene, (Z)-3-hexenyl
acetate, anisole, (Z)-3-hexen-I-ol, cyclosativen,
a-copaene, cedrene, and (E)-farnesene) at two
doses 1.0 and 10 ~g. *** = P < 0.005; ns = not significant.

gp
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Test Control

T 1 [ | | = _J I

RO 60 40 20 0 20 40 60
% response

Figure 5.16  Response of Cotesiaflavipes, in the T-tube olfactometer,
to synthetic 4,8-dimethyl-1,3,7-nonatriene at 250,
500, and 1000 ng doses. * = P < 0.05.
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Hexanal (E)-2-Hexenal 2-Heptanone  (£)-3-Hexenyl
acetate
Compound

Ficure 5.17 Response of Cotesiaflavipes, in the T-tube olfactometer,
to selected synthetic chemicals at doses of 0.5, 5,

10, and 25 ng.
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(2)-3-Hexenol Myrcene Linalool at-Copaene Nerolidol
Compound

Figure 5.18 Response of Cotesiaflavipes, in the T-tube olfactometer,
to selected synthetic chemicals at doses of 0.5, 5,
10, and 25 ng. *=P < 0.05.
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CHAPTER SIX

6 Acceptability and suitability of selected African stemborers for
the development of Cotesia flavipes and Cotesia sesamiae.
6.1 Introduction

Several species of lepidopteran stemborers of gramineous plants occur in
Africa, and their geographic distributions often overlap. With the exception of Chilo
partellus, they are thought to be indigenous (Nye, 1960). At the Kenya coast,
three stemborers, Chilo partellus, Chilo orichalcociliellus and S. calamistis, are
typically found attacking maize and sorghum simultaneously in space and time
(Overholt et al., 1994a). A third species, B. fusca, is the predominant stemborer
in many other maize growing areas in Kenya. Among the three species found at
the coast, Chilo partellus is the most abundant, and there is evidence that it may
be displacing the indigenous stemborers (Overholt et al., 1994a). The most
common larval parasitoid of Chilo partellus at the Kenya coast is Cotesia sesamiae,
but mortality due to Cotesia sesamiae is generally quite low (Overholt ef al.,
1994b).

Cotesia flavipes, was imported from Pakistan and released at the Kenya
coast in 1993 to suppress populations of Chilo partellus and the indigenous
stemborers.  Several unsuccessful attempts have been made to establish Cotesia
flavipes in a number of continental African countries, including South Africa

(Skoroszewski and Van Hamburg, 1987), Ivory Coast (Breniere and Bordat, 1982),
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Ghana (Scheibelreiter, 1980), and the East African countries of Uganda, Kenya,
and Tanzania (CIBC, 1968-72). W.ith the exception of South Africa, where failure
to establish was thought to be due to climate, there is littleinformation available on
the reasons why Cotesia flavipes did not establish.

The biology of Cotesia flavipes has been investigated on several host
species (Gifford and Mann, 1967; Kajita and Drake, 1969; Van Leerdam et al.,
1985; Inayatullah, 1987; Shami, 1990; Wiedenmann etal. 1992). Mohyuddin (1971)
found that the native African stemborer, B. fusca, was not a suitable host for the
development of Cotesia flavipes. Furthermore, Mohyuddin (1971) reported that
Cotesia flavipes only parasitized fifthto seventh-instar larvae of Chilo partellus. In
contrast, Skoroszewski and Van Hamburg (1987) recovered Cotesia flavipes from
B. fusca in South Africa. In host suitability studies Skoroszewski and Van
Hamburg (1987) found that Cotesia flavipes parasitized third and later instars of
Chilo partellus larvae.

Considering the lack of understanding of the reasons underlying the
previous failures to establish Cotesia flavipes in Africa, it became necessary to
investigate the biology and the behavior of Cotesia flavipes in the context of the
target ecosystem at the Kenya coast. The specific objective of the present study
was to examine the suitability of the African stemborers (indigenous and exotic) for
oviposition and development of Cotesia flavipes, and to compare the performance
of Cotesia flavipes with the indigenous Cotesia sesamiae. For the purpose of

mass production, the suitability of third, fourth and fifthinstars of Chilo partellus for
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the development of Cotesia flavipes was also examined to identify the optimal

stage to be used for multiplication.

6.2 Materials and Methods

Insects. Cotesia flavipes and Cotesia sesamiae were used in these
experiments. They were reared as described in section 3.1. Fourth-instar larvae
of the four stemborers, Chilo partellus, B. fusca, S. calamistis and Chilo
orichalcociliellus were used in the experiments. However, when measuring the
suitability of different larval stages of C. partellus, third, fourth, fifthand sixth instars
were used. Allstemborers were also reared as indicated in section 3.1.

Host Acceptability. The acceptability of the four stemborers for
parasitization by Cotesia flavipes and Cotesia sesamiae was tested by offering one
host larva to one parasitoid in a clean glass vial. The procedure is described in
section 3.3.3. Aminimum of 80 larvae per stemborer species were exposed in four
to eight replicates. Individual parasitoids and stemborer larvae were used only
once. The percentage of stemborer larvae attacked was calculated. The time
spent by each female until oviposition was recorded for females which oviposited
within the five minutes exposure period.

Host Suitability. Stemborer larvae that were stung inthe above experiment
and several others were placed individually on their respective artificial media after
exposure and maintained in an incubator at 28°C, 65-80% RH, and 12:12 (L:D)

photoperiod. Host larvae were inspected daily for mortality or parasitoid
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emergence.  The developmental time, the proportion of host larvae dying or
pupating before egression of parasitoids, the proportion of hosts that produced
cocoons, the proportion of hosts that did not produce cocoons but were stillalive
.o days after parasitization, the total progeny produced per parasitized host, and
the proportion of female progeny (female progeny/total progeny) were recorded.
The mortality of larval parasitoids was determined by dissecting host larvae 20
days after parasitization ifno parasitoids had emerged. Host larvae from which
parasitoids emerged were dissected three days after parasitoid egression.
Additionally, the number of parasitoid larvae that exited the host but failed to
pupate were counted.

Age Suitability. Third to sixth instars of Chilo partellus were exposed to
female Cotesia flavipes as described above. Instars were determined by
measuring the head capsule (Ampofo, 1988). The same parameters specified in
the host suitability study were recorded.

Host immune Response. Total haemocyte counts of parasitized and
unparasitized Chilo partellus were assayed. Eighteen days old larvae were used
in the tests. As indicated in section 3.5, haemocytes were counted 1,2, 4, ., 14,
and 24 hours after parasitization in the firsttest and 1,2, 3, 4, 5, and . days after
parasitization in the second test (see section 3.5 for the procedures).

Data Analyses. Analysis of variance (ANOVA)PROC GLM, SAS Institute
(1988) was performed to compare the time spent by a female until oviposition on

the different stemborer species. Means were separated by Student-Newman-
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Keul’s (SNK) multiple range test when the ANOVA was significant (P<0.05).

Parasitoid developmental time, parasitoid mortality, host mortality, host pupation,

the proportion of exposed hosts producing cocoons, progeny produced per
oviposition, and the proportion of female progeny were also subjected to ANOVA
followed by the SNK means separation procedure when the ANOVAwas significant
(P<0.05). Proportions were transformed to arcsin before being subjected to

ANOVA.

6.3 Results

Host Acceptability. All stemborer species were equally accepted for
oviposition by Cotesia flavipes. There were no differences in the percentage of
hosts attacked or the time spent by a female parasitoid until oviposition (Table 6.1).
In the case of Cotesia sesamiae, the proportion of hosts attacked varied
significanly among stemborer species, although there was no significant difference
between the two Chilo species. No difference was detected in the time spent by
a female Cotesia sesamiae before ovipositing in different hosts (Table 6.2).

When comparing the two parasitoid species, no difference was found in the
time spent before oviposition on Chilo partellus, S. calamistis or B. fusca (F=0.46;
df=1,264; P=0.50). However, oviposition by Cotesia flavipes on Chilo
orichalcociliellus occurred more rapidly than oviposition by Cotesia sesamiae on
the same host (F=4.07; df=1,133; P=0.05). The proportions of Chilo partellus,

S. calamistis and B. fusca larvae attacked by Cotesia sesamiae were less than the
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proportions attacked by Cotesia flavipes. There was, however no difference in the
proportion of S. calamistis larvae attacked by the two parasitoids.

Host Suitability. Cotesia flavipes did not develop on B. fusca. Dissections
revealed that the majority of B. fusca larvae stung by  Cotesia flavipes
encapsulated the parasitoid eggs (Plate 1). There was no difference in the number
of parasitoid progeny per female among Chilo partellus, Chilo orichalcociliellus
and S. calamistis (Table 6.3). The developmental periods (egg-adult) of Cotesia
flavipes on Chilo partellus and S. calamistis were not significantly different.
However, the developmental period on Chilo orichalcociliellus was longer than on
the other two suitable host species (Table 6.3). Excluding B. fusca, the highest
number of immature stages of Cotesia flavipes dying (larval-pupal mortality) was
observed on S. calamistis, followed by Chilo orichalcociliellus and Chilo partellus.
The proportion of female progeny per host was not significantly different between
hosts (Table 6.3).

The proportion of individuals successfully parasitized was significandy high
for Chilo partellus and significantly low for S. calamistis-, however, the difference
between Chilo partellus and Chilo orichalcociliellus or Chilo orichalcociliellus and
S. calamistis was no significant (Table 6.4). The proportion of stemborer larvae
that were alive (as larvae or pupae) .. days after parasitism by Cotesia flavipes
was highest for B. fusca, but not significantly different among the three other host
species. There was no difference in the proportion of hosts dying before

egression of the parasitoids among the four stemborer species (Table 6.4).
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Cotesia sesamiae successfully parasitized all the stemborer species except
B. fusca (Table 6.5). As with Cotesia flavipes, dissections ofB. fusca revealed that
parasitoid eggs were encapsulated. The mean number of progeny obtained per
host was greatest for S. calamistis, intermediate for Chilo partellus and least for
Chilo orichalcocilielius (Table 6.5). The developmental time of Cotesia sesamiae
was shortest on S. calamistis, but not significantly different between Chilo partellus
and Chilo orichalcocilielius. The highest number of immature parasitoids dying
was observed on Chilo orichalcocilielius and Chilo partellus, followed by S.
calamistis. The proportion of female progeny was not significanly different among
the three successfully parasitized species (Table 6.5).

The difference in the proportion of hosts successfully parasitized between
Chilo partellus, Chilo orichalcocilielius, and S. calamistis, or in the proportion of
hosts dying before egression of parasitoids (Table . ..) was no significant. A
higher proportion of B. fusca larvae pupated or were still alive twenty days after
parasitization, as compared to the other stemborer species.

When the two parasitoid species were compared, no significant difference
was observed in the mean number of progeny produced or the mortality of the
immature parasitoids. More Cotesia flavipes progeny were obtained from Chilo
partellus and Chilo orichalcocilielius than progeny of Cotesia sesamiae, and a
greater number of Cotesia sesamiae larvae and pupae died in these hosts than
those of C. flavipes. On S. calamistis, Cotesia sesamiae mortality was lower than

Cotesia flavipes mortality. The developmental period of Cotesia sesamiae was
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slightly shorter than Cotesia flavipes on the three suitable hosts. More of the S.
calamistis larvae parasitized by Cotesia sesamiae produced cocoons than those
parasitized by Cotesia flavipes. There was no significant difference in the sex ratio
of the two parasitoids among the stemborer species that were successfully
parasitized (F=0.49; df=1, 102; p=0.48).

Age Suitability. The mean number ofprogeny obtained per female Cotesia
flavipes was lowest in third instars, not different between fourth and fifthinstars and
highest in sixth instars. The developmental time was significantly different for the
four stages. Parasitoid mortality was highest in third instar larvae, not different in
fourth and fifth instar larvae, and lowest in sixth instar larvae. The proportion of
female parasitoid progeny obtained from the four larval stages were not different
(Table 6.7).

Fewer third instar larvae of Chilo partellus parasitized by Cotesia flavipes
produced cocoons than fourth, fifthor sixth instar larvae (Table . ..). Mortality of
Chilo partellus parasitized by Cotesia flavipes was lowest in sixth instar larvae, and

was not different in fourth and fifthinstar larvae, and highest in third instar larvae.
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Plate 1 Egg of Cotesia flavipes encapsulated in B. fusca larva
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Host immune response to parasitism. Chilo partellus larvae did not
encapsulate  Cotesia flavipes eggs.  There was no difference in the total
haemocyte counts at 1, 2, ., 14, and 24 hours after parasitization between
parasitized and unparasitized larvae (Figure s .1, Appendix 6.1). However, at four
hours after parasitization, the total haemocyte count was higher in parasitized than
unparasitized larvae (P=0.0364). From the second to the sixth day, the total
haemocyte count was significantly higher in parasitized than unparasitized larvae

(Figure 6.2, Appendix 18).

6.4  DISCUSSION

The four stemborer species exposed to Cotesia flavipes were accepted for
oviposition with over 80% of exposed larvae being stung by the parasitoids within
five minutes. Many studies have demonstrated that Cotesia flavipes will sting a
wide variety of stemborer larvae in an artificial laboratory environment, but only
successfully complete development in some hosts (Mohyuddin, 1971; Beg and
Inayatullah, 1980). In laboratory studies, Beg and Inayatullah (1980) reported that
Cotesia flavipes stung Chilo partellus, Chilo infuscatellus, Tryporyza incertulas and
Ostrinia kasmirica, but completed development only in Chilo partellus and Chilo
infuscatellus.

In the present study, Cotesia flavipes developed on the three stemborer
species that occur on the Kenya coast: Chilo partellus, Chilo orichalcocilielius and

S. calamistis. However, the suitability of these stemborers varied. The coevolved
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host, Chilo partellus, was the most suitable, followed by Chilo orichalcociliellus.
The noctuid, S. calamistis, was less suitable than the Chilo species due to the high
mortality of the immature parasitoids within the S. calamistis larvae. It is of
interest to note that 42% of S. calamistis larvae exposed to Cotesia flavipes
produced cocoons in the present study, as compared to 3% reported by
Mohyuddin (1971). In Pakistan and India, Cotesia flavipes attacks Sesamia
inferens, which could explain the partial suitability of S. calamistis for the
development of Cotesia flavipes.

The developmental time of Cotesia flavipes was longer in Chilo
orichalcociliellus than in Chilo partellus. In related studies, itwas shown that the
larval development of Chilo orichalcociliellus was longer than that of Chilo
partellus (Overholt, unpublished data). Furthermore, Chilo orichalcociliellus is a
smaller host than Chilo partellus with average pupal weights from our colonies of
»s Mg and 126 mg, respectively (Overholt, unpublished). These two interrelated
factors may explain the slower development of the parasitoids in Chilo
orichalcociliellus.

Mohyuddin (1971) reported that Cotesia flavipes did not develop on B.
fusca. The present results confirm this finding, as all Cotesia flavipes eggs were
encapsulated in B. fusca. The genus Busseola Thuran is restricted to Africa, and
thus, Cotesia flavipes has been under no selection pressure to evade the immune
system of B. fusca. The reported recoveries of Cotesia flavipes from B. fusca in

South Africa (Skoroszewski and Van Hamburg, 1987) may probably have been
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based on misidentifications (Cotesia flavipes and Cotesia sesamiae are
morphologically very similar). Alternatively, Cotesia flavipes may have developed
in B. fusca which were already invaded by other natural enemies resulting in a
weakened immune system.  During this study, it was observed that Cotesia
flavipes can develop past the egg stage in B. fusca larvae infected with
entomogenous nematodes (unpublished observations). A third possibility is that
there may be a variation in the immune system between the populations of B.
fusca from South Africaand Kenya, or that the strain of Cotesia flavipes released
in South Africa might have been able to evade the immune system of B. fusca.
An unexpected result in this study was that Cotesia sesamiae could not
successfully complete development on B. fusca. Cotesia sesamiae has been
reared from B. fusca inwestern Kenya (Mohyuddin and Greathead, 1970; Overholt,
unpublished data), and is reported to be one of the most common larval
parasitoids inseveral countries, including South Africa (Ullyett, 1935; Skoroszewski
and Van Hamburg, 1987; Van Rensburg etal., 1988), Uganda (Ingram, 1958), and
Ghana (Scheilbelreiter, 1980).  Mohyuddin (1971)  reported that progeny
production of Cotesia sesamiae was higher in B. fusca than in Chilo partellus.
These contrasting results suggest that different populations of Cotesia sesamiae
may express differential abilities to evade the immune system of B. fusca. Cotesia
sesamiae from the Kenya coast, where B. fusca does not occur (Overholt et al.,
1994a), cannot successfully develop in B. fusca, while in the areas where Cotesia

sesamiae and B. fusca occur sympatrically, Cotesia sesamiae is able to
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successfully parasitize B. fusca.

Cotesia sesamiae exhibited greater discrimination in host acceptance than
Cotesia flavipes. Sesamia calamistis was the most acceptable host followed by
Chilo orichalcocilielius and Chilo partellus. In Mauritius, Cotesia sesamiae that
was introduced from Kenya has successfully established on S. calamistis in maize
(Greathead, 1971), but does not successfully parasitize Chilo sacchariphagus on
sugarcane (Rajabalee and Govendasamy, 1988). Mohyuddin (1971) reported that
Cotesia sesamiae preferred Chilo partellus to S. calamistis. Shami and Mohyuddin
(1986), studying host preference and suitability of Cotesia sesamiae on stemborers
occurring in Pakistan, found that the most preferred host was Chilo partellus,
followed by S. inferens, Acigona steniellus, Emmalocera depressella, Chilo
infuscatellus, Calamotropha lupatus and Scirpophaga nivella, in descending order.
They also found that Cotesia sesamiae completed development in Chilo partellus,
Chilo infuscatellus, A. steniellus, S. nivella and S. inferens. The parasitoid did not
complete development in E. depressella or Calomotropha lupatus. Among the
hosts examined, Chilo partellus was the most suitable as measured by the number
of cocoons per larva, adult progeny production, and the sex ratio of the
parasitoids.

Third to sixth instar larvae of Chilo partellus were acceptable and suitable
for parasitization by Cotesia flavipes. However, in the third instars, there was
higher mortality of host larvae, as well as immature parasitoid stages. Kajita and

Drake (1969) showed that the developmental time of Cotesia chilonis (Munakata)
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in Chilo suppressalis Walker decreased progressively as the host instar increased.

It was found that the developmental time in Cotesia flavipes was longest in third
instars and shortest in sixth instars. In contrast, Wiedenmann and Smith (1994)
found that the developmental time of Cotesia flavipes was not different in third to
sixth instars of D. saccharalis.

This study revealed that physiological changes took place in stemborer
larvae after they were parasitized. Busseola fusca responded to Cotesia flavipes
attacks by encapsulating the parasitoid’s eggs, while Chilo partellus, which is a
suitable host, did not encapsulate the parasitoid’s eggs. However, there is
evidence of an immune reaction in Chilo partellus as, from the second to the sixth
day after parasitization, there was a net increase in the total haemocyte count in
the parasitized larva (Figure 6.2). A few studies have investigated the different
mechanisms by which parasitoids evade the host immune system (Ross and Dunn,
1989; Strand and Noda, 1991; Strand and Wong, 1991; Vinson, 1993), but none
has yet examined the immunological interaction between Cotesia flavipes and Chilo
partellus.

The results of this study suggest that the coastal population of Cotesia
sesamiae willprimarily attack and develop on S. calamistis, and to a lesser extent
on Chilo spp., whereas Cotesia flavipes willsuccessfully develop on Chilo partellus
and Chilo orichalcociliellus, and to a lesser extent on S. calamistis. Thus, both
parasitoids may be complementary in regulating the stemborer species complex

in the region.
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Table 6.1. Acceptability of four stemborer species for parasitization by C. flavipes.

Host N Percentage of host N Time to oviposition
species larvae attacked + SE (sec)
C. partellus 212 94.8a 199 52.6+ 3.7a
B. fusca 80 83.8a 67 452+ 6.5a
S. calamistis 78 94.9a 74 53.1%+ 6.0a
C. orichalcociliellus 76 97.4a 74 39.1+ 3.0a

Numbers followed by the same letter in a column are not significantly different (SNK).

Percentage of larvae attacked: F=1.78; P=0.18; df=3,25. Time to oviposition: F=1.68;

P=0.17; df=3,410.
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Table 6.2. Acceptability of four stemborer species for parasitization by Cotesia sesamiae
Host N Percentage of host N Time to oviposition
species larvae attacked + SE (sec)
C. partellus 100 67.0b 67 57.8+ 7.3a

B. fusca 80 48.8¢c 39 67.8 + 10.6a

S. calamistis 78 96.2a 75 56.4 £ 6.2a

C. orichalcociliellus 80 77.5b 61 50.6 + 5.1a

Numbers followed by the same letter in the same column are not significantly different

(SNK). Percentage of larvae attacked: F=19.49; P=0.0001; df=3/13. Time to

oviposition: F=0.80; P=0.50; df=3,238.
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Figure s .1  Total haemocyte count of parasitized and
unparasitized lan"ae of Chilo partellus different
times after parasitization within 24 hrs.
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Time in days

Figure 6.2  Total haemocyte count of parasitized and
unparasitized larvae of Chilo parlellus different
days after parasitization.
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CHAPTER SEVEN

7 General discussion and conclusions

The introduced lepidopteran stemborer, Chilo partellus, isa major constraint
to maize and sorghum production in Kenya. The most common indigenous larval
parasitoid of Chilo partellus, Cotesia sesamiae, is unable to maintain the population
of this stemborer at a level acceptable to farmers. Aprogramme has been initiated
to introduce the exotic parasitoid Cotesia flavipes from Pakistan to reduce damage
due to this pest. Studies reported here have examined the searching behaviour
of both parasitoids with reference to host habitat location, host location, host
acceptance and suitability, and the semiochemicals involved.

The success of biological control agents have been attributed partly to the
high searching efficiency of the natural enemies for their hosts.  Increasing
evidence suggests that the host plant is the main provider of airborne chemicals
utilized by natural enemies to locate their hosts or prey (Vinson, 1975; Dicke etal.,
1990a,b; Turlings et al., 1990b, 1991a,b; Whitman and Eller, 1990; Dicke and
Takabayashi, 1991). The tritrophic system in this study included the host-plants,
maize, sorghum and napier grass at the first trophic level; the stemborers, Chilo
partellus, Chilo orichalcociliellus, S. calamistis and B. fusca at the second trophic
level; and the parasitoids, Cotesia flavipes and Cotesia sesamiae at the third
trophic level. Results showed that plant odours played an important role in

attracting parasitoids. Both parasitoids were attracted to uninfested maize
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sorghum and napier grass. In dual choice experiments, the exotic parasitoid,
Cotesia flavipes, showed a preference for maize over sorghum, but maize and
napier grass were equally attractive. Cotesia flavipes was obtained in Pakistan
from Chilo partellus feeding on maize. In contrast, Cotesia sesamiae preferred
sorghum and napier grass to maize. Maize was introduced into East Africaabout
four hundred years ago, but only became widely grown during the last hundred
years (Purseglove, 1972), while sorghum and napier grass are indigenous to Africa
(Dogget, 1988). A legume plant, cowpea, did not attract the parasitoids. These
results may reflect an adaptation to a long association between the parasitoids and
plants that are the habitat of their hosts.

Previous studies have shown that plants under attack by herbivores may
actually initiate the release of chemicals that indicate the presence ofprey or hosts
to natural enemies (Dicke and Sabelis, 1988b; Dicke eta/., 1990a,b; Turlings etal.
1990b, 1991a,b; Turlings and Tumlinson, 1991; Mattiacci etal., 1994; Agelopoulos
and Keller, 1994c). Results of this work confirm the above findings. Maize,
sorghum and napier grass were highly attractive when they were fed upon by four
different species of stemborers, Chilo partellus, Chilo orichalcociliellus, S.
calamistiswd B.fusca. Cotesia flavipes and Cotesia sesamiae showed no special
preference for odours from maize plants infested by a particular stemborer
species. However, the parasitoids could detect quantitative differences in odours
released by infested maize plants. For example, when the same densities of

stemborers were introduced into a maize plant, the parasitoid preferred plants
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infested with large/older stemborers, such as S. calamistis, which caused more
damage and induced a greater release of volatiles.

Attractive odours from maize infested with Chilo partellus have been
identified. Green leaf volatiles, terpenoids, aromatic compounds and an aldehyde
were present in the volatile blends. Interestingly, as reported by Turlings et al.
(1991b), the terpenoids, (E)-/?-farnesene and 4,8-dimethyl-I,3,7-nonatriene, were
present in large amounts in the volatile blend of infested plants, but were absent
in the volatiles collected from uninfested maize, suggesting that the release of
these compounds was induced by stemborer feeding, and that these compounds
may have been responsible for the enhanced attractiveness of infested maize.
Terpenoids have been reported to be important for prey and host location by
predators and parasitoids (Takabayashi efa/.,1994; Dicke, 1994). However, the
release of these compounds is likelyto be a direct defense against herbivores and
pathogens that invade injured plants (Turlings and Tumlinson, 1991).

Itwas shown that the release of the volatiles attractive to parasitoids could
be induced in maize with an elicitor present in the regurgitant of the herbivores
(Turlings et al., 1993; Potting et al., 1995; this work). The eliciting factors are
common to lepidopterous larvae, and may occur in a variety of herbivorous
insects, such as grasshoppers, suggesting that the induced chemicals are
common natural compounds (Turlings et al., 1993). This supports the idea that
plants provide parasitoids with highly detectable cues, but these cues may not

always be reliable indicators ofthe presence of suitable hosts (Vetetal., 1991; Vet
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and Dicke, 1992).

Compounds that gave antennal response in the GC-EAD analyses were
found to be behaviourally active, indicating that this method was reliable for
identification of semiochemicals involved in parasitoid attraction. The EAD active
chemicals included a terpene (E)-/?-farnesene, and ester (Z)-3-hexenyl acetate and
a phenolic compound, anisole. Anisole was also identified from the volatile
collection from infested maize but was absent from uninfested maize. Synthetic
anisole attracted Cotesia flavipes in a T-tube olfactometer. There are no reports
known to the writer of the involvement of anisole in tritrophic interactions although,
some other aromatic compounds such as toluene, m-xylene, o-xylene and p-xylene
have been identified from volatile emissions from maize and sorghum (Lwande and
Bentley, 1987).

Once in the habitat of their host, parasitoids may narrow their search by
using more specific chemical stimuli which are host derived. Cotesia flavipes and
Cotesia sesamiae used odours from host frass as cues and they responded to
odours from frass produced by the four stemborer species under study. Cotesia
flavipes was more attracted to from frass from Chilo spp. than frass from B. fusca
when both host were fed on maize (Figure 4.11).

More stemborer larvae were stung when they were directly removed from
the plant diet than when they were washed, indicating that the host recognition
kairomones might be present in the substances on the insect surface. These

substances may be of plant origin, or from the insect’s oral secretions or/and the
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insect body surface. Other studies have reported the presence of an oviposition
kairomone in the mandibular gland secretions or oral secretions of herbivorous
insects (Mohyuddin etal. 1981, Mudd and Corbet, 1982; Muzzafar and Inayatullah,
1986; Agelopoulos and Keller, 1994a). Additional research is needed to pinpoint
the source of these kairomones and their identity.

Once the parasitoid finds the host, the next step is either to accept or reject
it. Parasitization is successful only ifthe accepted host is suitable for development.
Cotesia flavipes accepted all the four stemborer species used in this study.
However, itcompleted development only in Chilo partellus, Chilo orichalcociliellus
and S. calamistis. Busseola fusca was unsuitable and eggs of the parasitoid were
encapsulated in this host. Sesamia calamistis was only partially suitable as a large
number of immature Cotesia flavipes died within this host. In contrast, Cotesia
sesamiae showed variability in host acceptance. The most accepted host, S.
calamistis, was also the most suitable one, followed by the Chilo spp. Surprisingly,
B. fusca was also unsuitable for the development of Cotesia sesamiae. Cotesia
sesamiae has been recovered from B. fusca in several African countries, including
South Africa (Van Rensburg etal., 1989), Uganda (Ingram, 1958), Kenya (Nye,
1960; Mohyuddin, 1971) and is often cited as being the most common larval
parasitoids of B. fusca (Polaszek and Walker, 1991). Since Cotesia sesamiae used
in this study was collected from the coastal zone of Kenya where B. fusca does
not occur, itis hypothesized that there are at least two distinct populations of

Cotesia sesamiae within Kenya; one that has evolved with B. fusca and has
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developed a means to escape the immune system of this host, and one that
cannot evade the B. fusca immune defense system. It will be interesting to
examine in more detail the immune defense mechanisms involved in both cases.
This study also suggests that if Cotesia flavipes is release in areas where B. fusca
is the most predominant stemborer species, this parasitoid willhave little chances

to establish.

Conclusions

L Cotesia flavipes and Cotesia sesamiae responded to similar cues when
foraging, including odours from uninfested maize, sorghum and napier
grass.

2. Both parasitoids were preferentially attracted to the habitat of their aboriginal
hosts (maize for Cotesia flavipes and sorghum for Cotesia sesamiae).

3. The parasitoids were more attracted to infested plants than uninfested ones,
but did not discriminate between plants infested by the different stemborers
under study.

4. Odours from host frass were highly attractive regardless of host species or
diet (maize, sorghum, napier grass) in a single choice situation.

5. Cotesia flavipes was more attracted to frass produced by Chilo species that
those produced by B. fusca in dual choice tests. However, in other

combinations, parasitoids did not discriminate between host species.
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The difference in the chemicals released by infested and uninfested maize
plants in this study has also been reported in several other studies involving
other herbivore insect species. The production of these chemicals may be
a general response to insect attack. However, more chemical work
(quantitative and qualitative) is needed to identify of all compounds involved
inthe tritrophic interactions in the grasses/stemborers/Cotes/a spp. system.
Identification of attractive compounds present in odours from frass is
needed to fully understand their origin.

More research is also needed to determine the origin and understand the
role of anisole in the system.

Additional studies of the immune defense of the different hosts willprovide
greater insight into host suitability.

The results suggest that the niches of Cotesia flavipes and Cotesia
sesamiae may overlap, and therefore, they are likelyto compete. However,
due to the differences observed in host-plant preference and host suitability,
both species are likely to survive in the same region.

The success of Cotesia flavipes as a biological control agent depend on its
ability to attack stemborer in wild grasses throughout the year, and move

to cultivated gramineous plants, during cropping seasons.
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APPENDICES

Appendix 1 Response of C. flavipes odours from uninfested plant in a Y-
tube olfactometer

Odour source N Choice No choice G-value
Maize 60 38 13 19.05%**
Clean air 9

Sorghum 80 48 26 36.85%**
Clean air 6

Napier grass 90 69 14 58.25***
Clean air 7

*** = p<0.005; ** - PCO0.01; * = P<0.05; ns= not significant.

Appendix 2 Response of c. sesamiae to odours from uninfested plant in a Y-
tube olfactometer

Odour source N Choice No choice G-value
Maize 65 48 4 21.19%**x
Clean air 13

Sorghum 60 45 11 39.81***
Clean air 4

Napier grass 60 41 13 28.95%**
Clean air 6

**e*  P<0.005; ** = P<0.01; * = P<0.05; ns= not significant



Appendix 3 Response of C. flavipes to uninfested plants in a two
choice experiment

Odour source N Choice No choice G-value
Maize 60 41 4 12.44%***
Sorghum 15

Maize 90 39 12 0.00ns
Napier grass 39

*** = P<0.005; ** = P<0.01; * =9 <0 o6 ns= not significant

Appendix 4 Response of C. sesamiae to uninfested plants in a two
choice experiment

Odour source N Choice No choice G-value
Maize 60 19 5 5.29*
Sorghum 36

Maize 90 13 26 15.11%**
Napier grass 41

*** = p<0.005; ** = P<0.01; * = P<0.05; ns= not significant



APpendix 5 Response of C. flavipes in the Y-tube olfactometer to
cowpea plant

Odour source N Choice No choice G-value
Cowpea 58 17 16 1.52ns
Clean air 25
Cowpea 57 28 8 0.99ns
Maize 21

*** = p<0.005; ** = P<0.01; * = P<0.05; ns= not significant.

Appendix 6 Response of C. flavipes to infested plants versus uninfested maize

(control)

Odour source N Choice No choice G-value
Maize with C. partellus 60 34 10 6.56*
Control 16

Maize with C. orichalcociliellusQQ 52 18 30D2***
Control 10

Maize with S. calamistis 80 59 13 4355***
Control 8

*** = p<0.005; ** = P<0.01; * = P<0.05; ns= not significant.



Appendix 7

Response of C. sesamiae

uninfested maize (control)

Odour source N

Maize with C. partellus
Control

60

Maize with C. orichalcociliellus60
Control

Maize with S. calamistis 60
Control
Maize with B. fusca 60
Control
*** = P<0.005; ** = P<0.01;

Choice

44
10

43
10

38
15

-

to infested plants versus
No choice G-value
6 2290***

7 21.93***

7 10.22%***

4 35.12%**

= P<0.05; ns= not significant.

Appendix 8 Response of c. flavipes to infested versus infested maize

Odour source N Choice
Maize with C. partellus 90 39

Maize with C. orichalcociliellus 30

Maize with C. partellus 76 ( 18

Maize with S. calamistis \4 4

*** = P<0.005; ** = P<0.01; * = P<0.05;

No choice G-value
21 1.17ns
14 11.16%**

ns= not significant.



Appendix 9 Response of C. sesamiae to infested versus infested maize

Odour source N Choice No choice G-value
Maize with C. partellus 60 23 8 0.69ns
Maize with C. orichalcociliellus 29

Maize with C. partellus 60 14 8 11.40%*
Maize with S. calamistis 38

*** = P<0.005; ** = P<0.01; * = P<0.05; ns= not significant.

Appendix 10 Response of C. flavipes to maize plants infested with

different stemborer densities

Odour source N Choice No choice G-value
2 C. partellus 60 9 6 2556***
10 S. calamistis 45

10 C. partellus 100 62 7 1Q48**
2 S. calamistis 31

5 C. partellus 130 46 21 2.65ns
5 S. calamistis 63

*** = P<0.005; ** = P<0.01; * =

P<0.05; ns= not significant.



Appendix 11 Response of C. sesamiae to maize plants infested with
different stemborer densities

Odour source N Choice No choice G-value
2 C. partellus 55 10 1 2250%**
2 B. fusca 44
10 C. partellus 60 38 9 1268*+*
2 B. fusca 13
10 C. partellus 54 23 8 0.00ns
2 S. calamistis 23

*** = p<0.005; ** = PCO0.01; * = P<0.05; ns= not significant.

Appendix 12 Response of C. flavipes to infested cowpea plants versus
infested maize

Odour source N Choice No choice G-value
Infested maize 60 41 12 2639***
Uninfested cowpea 7
Infested maize 60 42 14 36i2D***
Infested cowpea 4

*** . P<0.005; ** = P<0.01; * = P<0.05; ns= not significant.



Appendix 13 C. flavipes response to frass obtained from different
stemborer species fed on maize, sorghum, and Napier

grass.
odour 1 Odour 2 N Choice 1 Choice 2 G-value
FMCP FMBF 59 Vil 18 9.13
FMCP FMSC 59 23 36 2.86
FMCP FMCO 66 37 29 0.97
FMCO FMSC 60 26 34 1.06
FMBF FMCO 62 16 46 15.02
FMBF FMSC 60 25 35 1.67
FMSC AR 48 34 14 8.50
FNSC AIR 48 35 13 10.36
FSSC AIR 48 36 12 12.42
FMCP AR 48 39 9 20.01
FNCP AIR 48 35 13 10.36
FSCP AIR 48 36 12 12.43
FMCO AR 48 42 6 30.06
FNCO AR 48 45 3 43.64
FSCO AR 48 38 10 17.24
FMBF AR 48 37 11 14.72
FNBF AR 48 35 13 10.36
FSBF AIR 48 33 15 6.85

- P<0.005; ** = P<0.01; * = P<0.05; ns= not significant.

FMSC: frass obtained from S. calamistis fed on maize

FNSC: frass obtained from S. calamistis fed on napier grass
FSSC: frass obtained from S. calamistis fed on sorghum
FMCP: frass obtained from C. partellus fed on maize

FNCP: frass obtained from C. partellus fed on napier grass
FSCP: frass obtained from C. partellus fed on sorghum

FMCO: frass obtained from C. orichalcociliellus fed on maize
FNCO: frass obtained from C. orichalcociliellus fed on napier grass
FSCO: frass obtained from C. orichalcociliellus fed on sorghum
FMBF. frass obtained from B. fusca fed on maize

FNBF. frass obtained from B. fusca fed on napier grass

FSBF: frass obtained from B. fusca fed on sorghum



APPendix 14

grass.
rp=----
[ odour 1 Odour 2
FMCP FMBF 40
Emgg FMSC 40
FMCO 37
Emgg FMSC 40
FMBF FMCO 40
FMSC 40
FMSC AIR 39
FENSC AIR 39
FSSC AIR 39
FMCP AIR 38
FNCP AIR 36
FSCP AIR 36
FMCO AIR 40
FNCO AIR 39
FSCO AIR 37
FMBF AIR 52
FNBF AIR 52
FSBF AIR 52
P<0.005; ** —P<0.01; *
Appendix 15
Positive response
PHC-L 54
UNDAM 42

C. sesamiae response to frass obtained from different
stemborer species fed on maize, sorghum, and Napier

Choice 1

21
19
25
15
25
21

31
28
27
31
24
25
29
31
29
23
39
41

Choice 2

19
21
15
22
15
19

8
11
12
7
12
11
11
8
8
10
13
11

= P<0.05; ns= not significant.

G-value

0.10
0.10
2.50
1.32
2.50
0.10

14.49
7.57
5.85

16.16
4.02
5.51
8.30

14.30

12.49

20.97

13.48

18.25

C. flavipes response to odours collected from maize
seedlings uninfested (UNINFES) and infested (PHC-L)
with C. partellus larvae in a T-tube olfactometer.

Negative response

6
18

G-Values

43.80 **

9.79 *

P<0.005; ** - P<0.01; * = P<0.05; ns= not significant.



Appendix 16

DOSE IN
CME

10
30
100
300
1000

POSITIVE NEGATIVE
RESPONSE RESPONSE
27 2
24 4
25 1
22 2
27 3
= P<0.01; * = P<0.05; ns=

* % % = p<o.005; * %

C. flavipes response to odours collected from two to
three months old maize plants infested with C. partellus
larvae in a Y-tube olfactometer.

NO
RESPONSE

7
8

10
12

not significant.

G-VALUES

25.21 **
15.57**
27.05**
19.10**
21.72**

Total haemocyte count of parasitized and unparasitized
larvae 1, 2, 4, 8, 14, 24 hours after parasitization

Mean counts (= se) x 106 cell/ml

Unparasitized larvae

Appendix 17
Hours N

1 20 32.3 =+
2 23 33.1 #
4 24 28.7
8 18 30.1 #
14 19 31.3 #
24 20 38.1 =

3.7
2.3
3.6
2.3
2.9
4.5

N

19
24
26
19
20
19

Parasitized larvae

32.6
42.2
36.3
35.8
39.1
38.1

+ + + + +

3.1
3.8
3.1
4.2
3.8
2.9

DF F-value P

4,34 0.15 0.70
5,41 3.18 0.06
5,44 4.66 0.04!
4,34 0.43 0.52
4r34 2.53 0.12
4,34 0.26 0.61



Appendix 18 Total haemocytes count of parasitized and unparasitized
larvae one to six days after parasitization

Mean counts (+ se) x 10° cell/ml

Unparasitized larvae N Parasitized larvae DF F-value P
1 40

32.3 + 26
2 39 274 £21 41 35.3 £ 2.3 6,74 1.91 0.17 ns
3 42 30.8 + 2.3 ﬁ gi-g ;_f i.g 6,73 19.02  0.0001
4 45 321 + 2.4 P cus el 6,79 29.70  0.0001
5 45 28.9 + 2.4 4o 57.7 * 4.7 6,80 21.05 0.0001
6 35 35.4 + 2.6 7 x4 6,78 28.82  0.0001

31 54.8 = 4.4 5,60 13.29  0.0006

ns = not significant





