














Abstract

Trichogramma species parasitise eggs of Lepidoptera and have been
extensively used in augmentative biological control. Studies were conducted
during 1997-2001 on the native egg parasitoids occurring in Kenya. The
objectives of the study were (i) to identify the native egg parasitoids that attack
Helicoverpa armigera and Plutella xylostella, (ii) to study the conventional and
molecular taxonomy of the native Trichogramma species, (iii) to evaluate the
response of two native Trichogramma species to different temperature regimes,
(iv) to determine the life table parameters of the two Trichogramma species and
(v) to determine the influence of host plants and host insects on parasitism of
the two Trichogramma species.

In survey and field trials in Kenya, five native trichogrammatid egg
parasitoids species: Trichogramma bournieri Pintureau & Babault,
Trichogramma sp. nr. mwanzai Schulten & Feijen, Trichogramma sp. nr. bruni
Nagaraja, Trichogrammatoidea sp. nr. lutea Girault and Trichogrammatoidea
sp. were recovered from the eggs of H. armigera, P. xylostella and Chilo
partellus. Trichogramma bournieri and T. sp. nr. bruni, recovered from C.
partellus, are the first records for Kenya and probably the latter for Africa. The
natural occurrence of Trichogrammatoidea sp. nr. lutea on P. xylostella eggs
was also the first record for Kenya as well as for eastern Africa.

Trichogramma sp. nr. mwanzai was morphologically more similar to the
Australasian 7. chilonis Ishii than to 7. bournieri. The genitalia of 7. sp. nr.

mwanzai was more similar to the Palaearctic species, 7. evanescens Westwood,
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The natural occurrences of trichogrammatid and scelionid egg
parasitoids have been reported from several countries in Africa (Tables 1.1,
1.2 and 1.3). Tsankov et al. (1995) also reported the occurrence of the egg
parasitoids, Baryscapus servadeii (Eulophidae) and Qoencyrtus pityocampae
(Encyrtidae) on Thaumetopoea pityocampae in Algeria. About 40 species of
egg parasitoids occurring in four families; Trichogrammatidae, Scelionidae,
Eulophidae and Encyrtidae were recorded in Africa, most of which were
recovered from Chilo species (Table 1.1). Trichogrammatoidea lutea Girault
was found in many African countries like South Africa, Kenya, Mali, Ivory
Coast, Ethiopia, Senegal and Mozambique (Table 1.2). Among the scelionids,
Telenomus bini Polaszek & Kimani and Telenomus busseolae Gahan were
common to many countries in Africa (Table 1.3).

Research on the two lepidopteran target pests in Kenya has so far
revealed the occurrence of few species of egg parasitoids in two families:
Trichogrammatidae and Scelionidae. Van den Berg (1993) recorded four
species of Trichogrammatoidea attacking H. armigera eggs in Kenya: T.
armigera Nagaraja, T. eldanae Viggiani, T. lutea Girault and T. simmondsi
Nagaraja. Ochiel (1989) and Ngi-Song (1990) reported Trichogramma sp. nr.
exiguum Pinto & Platner and Trichogramma sp. nr. mwanzai Schulten &
Feijen as naturally occurring egg parasitoids of Chilo partellus Swinhoe

(Lepidoptera: Pyralidae) in Kenya, respectively.









Table 1.2 Trichogrammatoidea egg parasitoids reported from Africa

Trichogrammatoidea species Host Insect Host Plant  Country Reference
Trichogrammatoidea armigera H. armigera - Kenya Van den Berg, 1993
Nagaraja
Trichogrammatoidea bactrae Pectinophora - Egypt Ei-Hafez and El-Hafez,
Nagaraja gossypiella 1995
Trichogrammatoidea citri Risbec - - Madagascar Pintureau and Babault, 1988
Trichogrammatoidea combreti Risbec - - Senegal Pintureau and Babault, 1988
Trichogrammatoidea cryptophlebia E. saccharina Sugarcane  South Africa Conlong and Hastings, 1984
Nagaraja C. batrochopa and Macadamia Malawi Chambers et al., 1995

C. leucotreta trees
Trichogrammatoidea eldanae Sesamia calamists  Maize Nigeria Bosque et al., 1994
Viggiani H. armigera - Kenya Van den Berg, 1993
Trichogrammatoidea lutea Girault H. armigera Cotton South Africa Van Hamburg and Kfir,

1990

H. armigera - Kenya Van den Berg, 1993

- - Mali Pintureau and Babault, 1988

- - Ivory Coast, Ethiopia, Nagaraja, 1978

Senegal, Mozambique

Trichogrammatoidea sp. nr. lutea Plutella xylostella  Kale Kenya Abera et al., 2000b
Girault
Trichogrammatoidea simmondsi H. armigera - Kenya Van den Berg, 1993
Nagaraja C. partellus Rice Malawi Feijen and Schulten, 1981

Atherigona soccata - Burkina Faso B. Pintureau (unpublished)
Trichogrammatoidea sp. H. armigera Pigeonpea Kenya Abera et al., (unpublished)
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In most crop production systems, the number of caterpillar eggs
destroyed by native populations of 7richogramma is not sufficient to prevent
the pest from reaching damaging levels. This necessitates inundative releases
of Trichogramma to control the pest from reaching damaging levels (Smith,

1996; Knutson, 1998).

1.2.2 Taxonomy of Trichogramma

The genus Trichogramma is one of the 80 genera in the family
Trichogrammatidae. All members of this family are parasites of insect eggs
(Richards and Davies, 1977; Pinto and Stouthamer, 1994). Reliable
identification of the species is a pre-requisite for successful biocontrol
programmes with Trichogramma. Taxonomy of Trichogramma species has
been a great problem due to their small size and uniform morphological
characters (Pinto and Stouthamer, 1994).

The male genitalia have been widely used as the main character in
distinguishing species of Trichogramma, but body colour, wing venation and
features of the antennae serve as supporting characteristics (Nagarkatti and
Nagaraja, 1971; Pinto and Stouthamer, 1994). The conventional taxonomy of
Trichogramma is entirely based on male genitalia and useful only for
arrhenotokous species.  However, this classification does not include
Trichogramma species that are thelytokous (100% female offspring)

(Stouthamer et al., 1990; Pinto and Stouthamer, 1994).
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1.3 HYPOTHESES

The three main hypotheses were (i) the egg parasitoids species
occurrence is wider than what is known so far in Kenya, (ii) Trichogramma
species show preference to host plants and host insects and (iii) differential

tolerance exists in local 7richogramma species to extremes of temperature.

1.4 OBJECTIVES OF THE STUDY
1.4.1 General objective
The general objective was to determine the existing egg parasitoids
species occurrence and assess the potential for Trichogramma in enhancing
egg mortality on the two major lepidopteran pests (Helicoverpa armigera and
Plutella xylostella) on vegetable crops in Kenya.
1.4.2 Specific objectives
The specific objectives of the study were as follows:
(1) To identify the native egg parasitoids that attack Helicoverpa
armigera and Plutella xylostella
(i1) To study the conventional and molecular taxonomy of the native
Trichogramma species.
(iii)  To evaluate the response of two native Trichogramma species to
different temperature regimes.
(iv)  To determine the life table parameters of two native Trichogramma
species.
W) To determine the influence of host plants and host insects on

parasitism of two native Trichogramma species.
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CHAPTER 2
2.0 NATIVE EGG PARASITOIDS OF HELICOVERPA ARMIGERA
AND PLUTELLA XYLOSTELLA
2.1 INTRODUCTION

Inundative release of mass-reared trichogrammatid egg parasitoids
(Hymenoptera: Trichogrammatidae) is regarded as a promising method to
control several lepidopteran pests (Wajnberg and Hassan, 1994; Smith, 1996).
Egg parasitoids of the genus Trichogramma are the most widely used insect
natural enemies in the world, partly because they are easy to mass rear and
they attack many important crop insect pests (Li, 1994). Trichogramma are
particularly good natural enemies of caterpillar pests because they parasitise
and kill pests in the egg stage, before the crop is damaged (Wajnberg and
Hassan, 1994).

Parasitoid releases in China, Switzerland, Canada, and the former
USSR have all shown consistently high levels (60-80%) of parasitism, with
reduction in pest damage by 77-92% on such crops as sugarcane, wheat, corn,
and cole (Li, 1994). Globally, over 32 million hectares of agriculture and
forestry has been treated annually with Trichogramma species for controlling
different insect pests (Li, 1994). According to Hoffmann and Frodsham
(1993), no other group of parasitoids has been used worldwide as extensively

as Trichogramma for direct control of pests.
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2.2 MATERIALS AND METHODS
2.2.1 Survey of egg parasitoids

Survey of egg parasitoids was conducted at seven sites along the
Nairobi-Mombasa highway in Kenya with the aim of determining species
occurrence in different habitats and locations. Except Kasarani (the head
quarters of ICIPE), the profile of the survey was at an altitudinal difference of
about 200 meters above sea level (Thorpe, 1984; Cagan ef al., 1998). The
seven sites were Kasarani (01° 13° 06.2” S, 36° 53’ 41.9” E and 1600 m
altitude), Kibwezi (02° 24’ 19.3” S, 37° 58° 9.5” E and 976 m), Mtito Andei
(02° 40° 45.9” S, 38° 10’ 18.5” E and 700 m), Voi (03° 23’ 24.5” §, 38° 34’
37.3” E and 510 m), Mariakani (03° 51° 20.6” S, 39° 27’ 58.8” E and 263 m),
Shimba Hills (04° 21° 23.7” S, 39° 25° 17.2” E and 250 m) and Muhaka (04°
19’ 18.1” S, 39° 30’ 24.3” E and 40 m) (Map 1). Location of the sites was
determined using the Geo Positioning System (GPS).

To assess parasitism, egg cards containing freshly laid eggs of Corcyra
cephalonica Stainton (Lepidoptera: Pyralidae) (ca. 150 eggs/card) were used.
The method of egg card preparation is outlined in section 2.2.5. To prevent
hatching, before parasitisation, eggs were treated with ultraviolet rayé (15v
lamp) for six minutes at a distance of 15 cm (Singh et al., 1994). Sterilisation
of host eggs was necessary to prevent caterpillars from emerging from

unparasitised eggs and feeding on the parasitised eggs.
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2.2.3 Mortality of Plutella xylostella eggs in the field

The study was conducted on kale (Brassica oleracea), at Muhaka for
two seasons (August-October 1999 and January-March 2000), concurrently
with the main field trial mentioned in 2.2.1. Six plots each 5.6 m x 5.6 m
(31.36 m®) were used for the study. In each plot 12 plants were tagged
randomly (excluding those tagged for the main trial) and all the eggs laid were
removed prior to the experiment. Ten singly laid P. xylostella eggs were
randomly marked per plant. Using a hand lens (magnification 10x) eggs were
monitored daily until the fate of all eggs (parasitised, predated or disappeared)
was known.

According to Van den Berg (1993) and Bonhof (2000), ‘predation’
refers to when at least part of the chorion is present, but the contents of the egg
have vanished, while ‘disappearance’ refers to the case where both the
contents and the chorion of the egg have vanished. Disappearance was
regarded as a separate mortality factor; however, the causes are not determined
in this study. The observations were conducted monthly and repeated three
times per season. The 1st season was in August-October 1999, whereas the
2nd season was in January-March 2000. Due to low population of H.

armigera eggs in the trials plot, motality experiment was not conducted.
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Helicoverpa armigera eggs were found in all crops in the trial except
kale in lower densities and parasitism levels. The highest density and
percentage parasitism per plant recorded in both seasons were 0.4 + 0.1 and
22.2 =+ 14.7 on pigeon pea and 0.2 + 0.1 and 9.1 + 9.1 on okra, respectively
(Figs. 2.4 and 2.5). Density and parasitism of H. armigera eggs were
generally very low in sunflower, sorghum and tomato plants.

The weather in the 1st season appeared to favour eggs density of P.
xylostella and parasitism on C. partellus. Temperature was high in the 2nd
season, whereas there was relatively high rainfall in the 1st season (Figs. 2.6

and 2.7).

2.3.2.2 Native egg parasitoids

Progenies produced from H. armigera, P. xylostella and C. partellus
parasitised eggs were used for identification (Table 2.3). A list of identified
egg parasitoids recovered from the three major lepidopteran pests is presented
in Table 2.4. All thelytokous and a few arrehenotokous samples are still not
yet identified (Appendix 2).

Five native species of trichogrammatid egg parasitoids belonging to
the genus Trichogramma and Trichogrammatoidea were recovered. The
species were Trichogramma bournier Pintureau & Babault, Trichogramma sp.
nr. bruni Nagaraja, Trichogramma sp. nr. mwanzai Schulten & Feijen,
Trichogrammatoidea sp. nr. lutea Girault and Trichogrammatoidea sp. The

proportion of each species in the egg parasitoids fauna collected is presented
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parasitism of P. xylostella eggs by T. pretiosum. The parasitism level
recorded in these field studies on P. xylostella by Trichogrammatoidea sp. nr.
lutea (13.4% and 17.9%) was closer to the range reported by Keinmeesuke et
al. (1990).

Parasitism (2 to 11%) by T. sp. nr. mwanzai has been also reported by
offering various densities of C. partellus eggs in the field experiment (Chacko
and Dwumfour, 1990). Ogol (1996) recorded over 77% parasitism of stem
borer eggs by Trichogramma species in coastal Kenya. Egg parasitism of C.
partellus by trichogrammatid species in general and 7. sp. nr. mwanzai in
particular is higher in these field trials than reported earlier by Ngi-Song
(1990) and Chacko and Dwumfour (1990). The main reasons for this higher
parasitism could be the location of trials being in warmer climates compared
to Mbita where they conducted their studies.

Trichogramma sp. nr. mwanzai parasitised C. partellus eggs on kale
but failed to parasitise eggs of P. xylostella under natural conditions.
Furthermore, a strong association was observed between 7. sp. nr. mwanzai
and sorghum/maize plants both in the field trials as well as in the survey
studies. On the other hand, P. xylostella eggs were solely parasitised by a
single trichogrammatid species, Trichogrammatoidea sp. nr. lutea. This study
shows that the host plants influenced parasitism, and this is in agreement with

the work of Romeis et al. (1997).
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Figure 2.4 Population dynamics of Helicoverpa armigera on pigeon pea at Muhaka, Coastal Kenya
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Figure 2.5 Population dynamics of Helicoverpa armigera on okra at Muhaka, Coastal Kenya (1999/2000)
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Table 2.1 Egg parasitoids recovered from the exposed Corcyra cephalonica

egg cards at seven survey sites in Kenya (1999/2000)

Survey Site Egg Parasitoid Host Plant % %
Species Parasitism Emergence
Kasarani Trichogrammatoidea Cajanus cajan 11 (n=1) 25
(1600m) sp. nr. lutea Lycopersicon 3 (n=1) 60
esculentum
Kibwezi Trichogramma Amaranthus 17 (n=1) 8
(976m) Sp. nr. mwanzai gangeticus
Zea mays 19 (n=1) 45
Not identified Zea mays 3 (n=1) 20
Cyperus papyrus 7 (n=1) 64
Mtitoandei Trichogrammatoidea Brassica oleracea 1 (n=1) 100
(700m) sp. nr. lutea
Trichogramma Zea mays 34 (n=5) 60
Sp. nr. mwanzai
Voi - - o .
(510m)
Mariakani Not identified Brassica oleracea 3 (n=1) 50
(263m)
Shimba Hills  Trichogramma Zea mays 15 (n=2) 64
(250m) Sp. nr. mwanzai
Not identified Zea mays 37 (n=1) 55
Muhaka Not identified Brassica oleracea 5 (n=2) 19
(40m)

e n =number of parasitised Corcyra cephalonica egg cards.









Table 2.4 Native egg parasitoids recovered from Helicoverpa armigera, Plutella xylostella and Chilo partellus eggs in Kenya

Host Insect Identified Scientific Name Host Plant Sample Place
)
Helicoverpa armigera  Trichogramma sp. nr. mwanzai Schulten & Feijen Cajanus cajan 1 Muhaka
(n=5) Trichogrammatoidea sp. nt. lutea Girault Cajanus cajan 1 Muhaka
Trichogrammatoidea sp. Cajanus cajan 2 Muhaka
Trichogrammatoidea sp. Hibiscus esculentus 1 Muhaka
Plutella xylostella Trichogrammatoidea sp. nr. lutea Girault Brassica oleracea 22 Muhaka
(n=72)

Chilo partellus Trichogramma bournieri Pintureau & Babault Zea mays 1 Mbita
(n=58) Trichogramma sp. nr. mwanzai Schulten & Feijen Sorghum bicolor 46 Muhaka
Trichogramma sp. nr. mwanzai Schulten & Feijen Brassica oleracea 3 Muhaka
Trichogramma sp. nr. bruni Nagaraja Sorghum bicolor 1 Muhaka
Trichogrammatoidea sp. nr. lutea Girault Sorghum bicolor 6 Muhaka
Trichogrammatoidea sp. nr. lutea Girault Brassica oleracea 1 Muhaka

Total

135

99
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Table 3.1 Acronyms, morphological terms and ratios
(Nagarkatti and Nagaraja, 1971, 1977; Miller, 1972; Nagaraja, 1978;
Pinto et al., 1978, 1989; Oatman et al., 1982; Pinto and Oatman, 1985)

Morphological Character Acronyms
Antenna Length of flagellum of antenna FL
Width of flagellum as measured at base FwW
Length of longest seta on flagellum FSL
Number of setae on flagellum FSNO

(only those from the base to the second flagellar
constriction were counted)

Number of basiconic peg sensilla BCPS
(these pegs occur at five positions along the male
flagellum and they can be paired, single, or

absent at each position)

Wing Fore wing length FWL
Fore wing width FWW
Longest fringe seta on fore wing FWFL
Number of setae in anterior tract of hind wing AT
Number of setae in middle tract of hind wing MT
Number of setae in posterior tract of hind wing PT

Tibia Hind tibial width HTW
Hind tibial length HTL.

Genitalia Genital capsule length GL
Genital capsule width GW
Aedeagus length including apodemes AL
Dorsal lamina length DLA
Intervolsellar process length IVP
Volsellar digiti length VS
Ventral ridge length VR
Apical distance of genital capsule AD

(from base of volsellae and IVP to apex of
paramers, PM)
Basal distance of genital capsule (GL minus AD) BD

Constriction as measured at the base of DLA CDLA
Ratios Length of flagellum to hind tibial length FL/HTL
Flagellum length to width FL/FW
Longest flagellar seta to flagellum width FSL/FW
Genital capsule width to length GW/GL
Aedeagus length to hind tibial length AL/HTL
Longest fringe seta on fore wing to width FWFL/FWW

Longest fringe seta on fore wing to hind tibial FWFL/HTW
width




Figure 3.1 Above: Antenna of a male Trichogramma (Adapted from Pinto et al.,
1989). Arrows indicate the second and third positions of basiconic
peg sensilla (BCPS) and “a” shows the area in which setae (FSNO)
were counted.

Below: Dorsal (left) and ventral (right) view of a male genitalia of

Trichogramma (Adapted from Pinto, 1992).
























82

3.4 DISCUSSION

Phenotypic (morphometric) and genetic (molecular) characters of the
five Trichogramma species were studied and the results are compared.
Following combination of characters, the two native species could be
separated: distinctly longer genital capsule and intervolsellar process with
distinctly shorter dorsal lamina and ventral ridge in 7. bournieri compared to
T. sp. nr. mwanzai.

Additionally, differences in the number of antennal peg sensilla could
be used to separate the two native species in that 7. bournieri has single
sensilla in all the five positions compared with paired sensilla at the second
and the third positions in 7. sp. nr. mwanzai. Pinto et al. (1986) separated the
nearctic 7. deion from T. pretiosum by the number of basiconic capitate peg
sensilla (BCPS) on the antennae and by minor differences in the male
genitalia. The nearctic species, 7. platneri and the African species, 7.
bournieri have similar formula for basiconic capitate peg sensilla on the
flagellum = 1-1-1-1-1 same as T. deion, whereas three specimens of 7. sp. nr.
mwanzai have the formula 1-2-2-1-1, similar to 7. pretiosum (Pinto et al.,
1986). Trichogramma bournieri and T. sp. nr. mwanzai had longer hind tibia
compared to the Latin American (7. lachesis, T. clotho and T. atropos) and
Australian species (7. primaevum), reported by Pinto (1992).

The ratios FL/HTL and FSL/FW obtained for T. bournieri and T. sp.
nr. mwanzai were higher than T. deion and T. pretiosum. However, the ratio

GW/GL was lower than T. deion and similar to 7. pretiosum (Pinto et al.,
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Species

T. sp. nr. mwanzai

T. chilonis

T. evanescens

T. bournieri
T. platneri
I I | T i 1 I I | B
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Distance Between Cluster Centroids

Figure 3.2 Dendrogram showing the morphometric relationships among the five species of Trichogramma based on

all traits (except BCPS)
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Species

T. sp. nr. mwanzai
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Figure 3.3 Dendrogram showing the morphometric relationships among the five species of

Trichogramma based on genitalia characters

1.1












Table 3.2 Antennal characters of five Trichogramma species

Trichogramma Origin Antennal characters (Mean = SE) (Number of slides, n = 10)
species Length of flagellum Width of flagellum Longest seta on No. of setae on
(FL) (um) (FW) (um) flagellum (FSL) (um) flagellum (FSNO)

T. bournieri Kenya 161.2 +4.57b 30.2 £0.53b 77.3 £0.54¢ 19.5 £0.86¢c
(Africa)

T. sp. nr. mwanzai Kenya 181.9+3.77a 31.4 £0.60ab 83.8 £0.94b 25.0+0.45a
(Africa)

T. evanescens Germany 188.5+3.22a 29.9 £0.72b 98.6 £2.26a 17.5+0.62c
(Europe)

T. platneri USA 164.9 +3.43b 31.6 £ 0.60ab 82.3+1.03b 17.8+0.57c
(N. America)

T. chilonis China 184.5+4.35a 32.5+0.60a 77.5 £ 0.60c 22.6 £0.85b
(Asia)

e Means followed by the same letter in the same column are not significantly different (P>0.05), Student Newman
Keuls (SNK) test.
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Table 3.3 Formula of Basiconic Capitate Peg Sensilla (BCPS) of five Trichogramma species

Slide Number of Basiconic Capitate Peg Sensilla (BCPS) on flagellum*

(Rep) T. bournieri  T. sp.nr. mwanzai 1. evanescens T. platneri T. chilonis
1 1-1-1-1-1 1-2-2-1-1 1-1-1-1-1 1-1-1-1-1 1-2-1-1-1
2 1-1-1-1-1 1-2-2-1-1 1-1-2-1-1 1-1-1-1-1 1-2-2-1-1
3 1-1-1-1-1 1-1-2-1-1 1-1-2-1-1 1-1-1-1-1 1-2-2-1-1
4 1-1-1-1-1 1-2-2-1-1 1-1-2-1-1 1-1-1-1-1 1-2-2-1-1
5 1-1-1-1-1 1-1-2-1-1 1-1-1-1-1 1-1-1-1-1 1-2-2-1-1
6 1-1-1-1-1 1-1-2-1-1 1-1-1-1-1 1-1-1-1-1 1-2-2-1-1
7 1-1-1-1-1 1-1-2-1-1 1-1-2-1-1 1-1-1-1-1 1-2-2-1-1
8 1-1-1-1-1 1-1-2-1-1 1-1-1-1-1 1-1-1-1-1 1-2-2-1-1
9 1-1-1-1-1 1-1-2-1-1 1-1-1-1-1 1-1-1-1-1 1-2-2-1-1
10 1-1-1-1-1 1-1-2-1-1 1-1-2-1-1 1-1-1-1-1 1-2-2-1-1

* The BCPS counting started from the most basal position of the flagellum of antennae.
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Table 3.4 Wing characters of five Trichogramma species

Trichogramma Wing Characters (Mean * SE) (n=10)
species Fore wing (um) Hind wing (no.)
Fore wing Fore wing Longest fringe | Seta on anterior Seta onmiddle  Seta on posterior
length (FWL) width (FWW) seta (FWFL) tract (AT) tract (MT) tract (PT)
T. bournieri 495.2 +7.00c 233.7+4.68c  48.6%+0.81a 1.3+0.21a 19.8 £ 0.65ab 7.0 £ 0.56a
T. sp.nr. mwanzai  502.9 = 5.52bc 251.9+3.51b  42.6+0.48b 1.3+0.15a 19.9 £ 0.50ab 5.7+£0.26b
T. evanescens 524.9 £5.39 267.7+554b  46.9+0.82a 23+0.47a 18.7 £ 0.58b 7.2+0.36a
T. platneri 5473 +7.01a 289.5+3.47a  48.1+0.43a 2.3+0.33a 16.3 £ 0.56¢ 5.7+0.21b
T. chilonis 504.4 £10.80bc  251.3+6.35b  43.2+0.20b 14+0.22a 20.7 £ 0.30a 7.1+0.23a

e Means followed by the same letter in the same column are not significantly different (P>0.05), SNK test.

6






Table 3.6 Genitalia characters of five Trichogramma species

Genitalia Character Mean = SE (um)
A T. bournieri  T. sp.nr. mwanzai 1. evanescens T. platneri T. chilonis
Genitalia capsule length (GI.) 160.1 £2.75a 148.4 £3.14b 1463 £2.06b 1623+2.07a 143.8+2.75b
Genitalia capsule width (GW) 49.5 £0.90c 49.2 + 1.00c 50.6 £ 0.62c 53.5£0.76b 583+t1.11a
Apical distance of genital capsule (AD) 46.1 +1.06a 45.6 £0.70a 47.7+ 1.56a 41.5+1.50b 38.9+1.08b
Basal distance of genital capsule (BD) 114.5+2.34a 103.3 £2.65b 98.8 +2.03b 121.2+1.92a 105.2+2.82b
Intervolsellar process length (IVP) 26.2 £0.49a 21.3+£0.76b 20.2 £0.79b 17.1 £0.46¢ 17.7 £ 0.30c
Volsellar digiti length (VS) 28.0+0.58a 26.6 £ 0.60a 24.81+0.61b 232+0.61b  23.0+£0.58b
Dorsal lamina length (DLA) 38.8 £ 0.66b 47.1+141a 38.9+0.78b 48.6 £0.99a 35.7+0.54b
Ventral ridge length (VR) 29.5+1.50d 33.7+1.11c 35.6 £0.69¢ 509+0.81a  46.2%1.34b
Aedeagus length (AL) 167.8 £2.70a 152.4 +2.74b 1424 +2.41b  148.0+2.26b 143.5+2.48b
Constrictions as measured at the base of  38.5+1.21b 35.6£0.70c 33.2+0.96d 38.3+0.75b 45.0 £0.75a

DLA (CDLA)

e Sample size (n) was 10 individuals except 7 for ventral ridge length (VR) of T. sp. nr. mwanzai and T. evanescens.

e Means followed by the same letter in the same row are not significantly different (P>0.05), SNK test.
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different life-history parameters in relation to temperature. As the temperature
increased, the duration of development was found to decrease as in other
Trichogramma species (Harrison et al., 1985).

The lower threshold temperature for development has been reported to
be between 10 and 15°C for T. pretiosum and T. exiguum (Harrison et al.,
1985) and 13.6°C for T. galloi (Consoli and Parra, 1995a). The lower
threshold temperatures of 7. chilonis (8.8°C) and 7. evanescens (9.2°C) are
apparently lower than those reported earlier in the literature (Zhang, 1984;
Hirashima et al., 1990).

Yu et al. (1984) studied the developmental time of 7. minutum at seven
temperatures and reported shorter developmental time than observed in the
current study. Consoli and Parra (1995a) on T. galloi and Cabello and Vargas
(1988) on T. cordubensis Vargas & Cabello reported that the sex ratio was
unchanged at higher temperatures presumably because the higher temperature
tested is below the upper threshold that affects female offspring production.
The unchanged sex ratio within the same species (7. sp. nr. mwanzai) at
different temperature regimes could be explained on the same basis. This
study is consistent with this report.

Ochiel (1989) observed significant effect of temperature on progeny
production of T. sp. nr. exiguum when tested at 18°C and 30°C. However, this
author reported no significant difference in the proportion of the female
offspring at all temperatures tested. Both observations agree with the findings

of the current studies and the latter particularly confirms the trend observed in
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Figure 4.1 Egg to adult developmental rate of Trichogramma chilonis (Tc),
T. evanescens (Te), T. bournieri (Tb) and T. sp. nr. mwanzai
(Tm) at four constant temperatures.
Numbers in parenthesis are the standard errors.
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Table 4.1 Preimaginal development of Trichogramma bournieri, T. sp. nr.

mwanzai, T. chilonis and T. evanescens at four constant temperatures

Trichogramma Number of pupae within the host eggs
species (Mean * SE) (n = 60)
13°C 18°C 25°C 34°C
T. bournieri ND 29.73+131a 25.63+1.75b 5.37+1.83b
T.sp.nr. mwanzai  1.13+0.34c 20.08+1.75b 19.82+1.50b 19.47 £ 1.46a
T. chilonis 9.42+1.06b 20.20+1.68b 16.10+1.70c 11.08 +1.38b
T. evanescens 18.12+1.34a 2197+1.86b 50.37+2.32a 12.82+1.53b

e Means followed by the same letter in the same column are not significantly

different (P>0.05), Student Newman Keuls (SNK) test.

e Analysis of Variance (ANOVA) performed on log;, transformed preimaginal

development. Values presented in Table 4.1 are the original data.

s ND = No development.
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Table 4.4 Progeny production of four Trichogramma species at four constant

temperature regimes

Trichogramma Progeny production at four constant temperatures
species (Mean + SE) (n = 60)
13°C 18°C 25°C 34°C
T. bournieri ND 25.83+1.23a 20.08+149 7.35+1.04b
T. sp. nr. mwanzai 0.0 1923 +£1.70b 19.25+1.50b 17.48+1.3%a
T. chilonis 0.90+020b 17.73+147b 13.30+1.48c 10.60 +1.34b
T. evanescens 7.48+0.73a 20.15+1.78b 44.03+2.02a 5.78+0.87b

different (P>0.05), Student Newman Keuls (SNK) test.

production. Values presented in Table 4.4 are the original data.

o ND = No development.

Means followed by the same letter in the same column are not significantly

Analysis of Variance (ANOVA) performed on log,, transformed progeny
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5.2 MATERIALS AND METHODS
5.2.1 Experimental set-up

Trichogramma sp. nr. mwanzai was collected from eggs of Chilo
partellus Swinhoe on sorghum along the Kenya coast. Trichogramma
bournieri was collected from eggs of C. partellus on maize from Mbita at the
eastern shores of lake Victoria. This procedure resulted likely in the selection
of strains. Two species used in this study were arrthenotokous (diploid females
from fertilized eggs) (Pinto and Stouthamer, 1994). Species identification was
re-confirmed following the terminology of Pinto (1999). Antennal characters
were used to distinguish female Trichogramma from the male (Pinto et al.,
1978). The life table studies were conducted at the Federal Biological
Research Centre for Agriculture and Forestry, Institute for Biological Pest
Control (BBA), Darmstadt in Germany.

Age-specific life tables (Southwood, 1978; Bellows et al., 1992) were
constructed using a group of sixty mated 12-24 hours old females each of T.
bournieri and T. sp. nr. mwanzai. After mating, each female was kept in a
single glass vial (50 mm long x 12 mm in diameter) and fed every day with a
mixture of honey (66%), gelatine (1%) and distilled water (33%). Fresh eggs
(ca. 150-175) of the Angoumois grain moth, Sitotroga cerealella Oliver were
offered to each individual female every day until the female died. Parasitised
host egg batches were removed daily and incubated at 26 + 1°C, 70 = 10%

relative humidity and 16L: 8D photoperiod.
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Pupae of Trichogramma were counted within the host eggs five days
after parasitism (Hassan, 1990). The following records were also taken daily
at each age interval of the parent: (a) the number of surviving adult females
(ly), (b) the number of females in the reproductive period (Ir) and (c) fertility

rate (my) (Dent and Walton, 1997).

5.2.2 Data analysis

The parasitisation potential of the two native species was assessed by
comparing the fertility (cumulative and daily), progeny production,
oviposition period including the proportion of days spent for oviposition and
adult longevity. Due to the absence of superparasitism, the number of
parasitised host eggs was used as a measurement of fertility. Cumulative
fertility is the total number of eggs produced by females over their lifetime.
The difference between the cumulative fertility and the progeny production is
used to calculate the intrinsic mortality and survival rate of the immature life
stages. Data were subjected to analysis of variance (ANOVA) using the
General Linear Models (GLM) procedure (SAS Institute, 1988). Tukey test
(P=0.05) was used to separate the means when necessary. Mean fertility and
progeny production data was log transformed, and arcsine transformed data
for proportion of days spent for egg laying was used for the ANOVA (Sokal

and Rohlf, 1981).
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the factor(s) involved in such a shift in the sex ratio of the progeny need
further investigation.

The results of Orphanides and Gonzalez (1971) indicated in their study
with T. pretiosum and T. retorridum that the mean fertility of the parental line
can differ significantly from its clones and high variation may also occur
among the clones. The factor should also be considered in further deployment
of the species. Hassan (1993) indicates that the optimum rearing condition for
mass production of Trichogramma is 27°C temperature and 70% relative
humidity. The present study at 26 + 1°C, 70 + 10% relative humidity
therefore helped to evaluate the suitability for mass production of the two-
trichogrammatid species.

In Kenya, Oloo (1987) selected strains of unidentified Trichogramma
species based on life table parameters. The net reproductive rate, intrinsic rate
of natural increase and finite population growth rates were 24.06, 0.35 and
1.41 for the strain Ex-Rusinga, 49.43, 0.43 and 1.54 for Ex-Lambwe and
51.39, 0.44 and 1.55 for Ex-Mombasa, respectively. Based on the relative
high biotic potential, Ex-Mombasa strain was selected for field tests on
survival, dispersal capacity and parasitisation rate. Although the taxonomic
status is unknown, the results showed that there is a potential for finding
parasitoid strains with qualities superior to the one reported here.

The present study has also shown that the two native species are
comparable in intrinsic and finite rate of increase and doubling time. In

similar studies in Kenya by Lu (1992), the intrinsic rate of natural increase and
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Figure 5.2 Adult survival (a), number of females in the reproductive period
(b) and fertility rate (c) of 7. sp. nr. mwanzai and T. bournieri

at 26x1°C, 70+10% RH and 16L: 8D photoperiod.



Table 5.1 Adult female longevity, oviposition period and fertility of Trichogramma bournieri and Trichogramma sp. nr. mwanzai

at 26 +£1°C, 70+10% RH and 16L:8D photoperiod (Mean + SE)

Trichogramma species Adult longevity  Oviposition  Proportion of days Fertility
(n=60) (days) period (days) spent for egg laying (Parasitised host eggs/female)
Cumulative Daily
Trichogramma sp. nr. mwanzai 6.85+0.40a 5.37+0.43a 0.75+£0.03a 75.97 £4.27a 1811 I.15a
Trichogramma bournieri 6.17+0.35  4.22+0.28b 0.70 £0.03a 47.83 +£2.23b 13.24 £0.76b

e Means followed by the same letter in the same column are not significantly different (P>0.05), Tukey test.
e Analysis of Variance (ANOVA) performed on log transformed cumulative mean fertility and arcsine transformed proportions.

Values presented in Table 5.1 are the original data.

ctl
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Table 5.2 Population growth statistics for Trichogramma bournieri and

Trichogramma sp. nr. mwanzai at 26 £1°C, 70£10% RH

and 16L.:8D photoperiod

Life Table

Growth Statistics

Mean + SE (n = 60)

T. sp. nr. mwanzai

T. bournieri

Main Population Parameters

Intrinsic rate of natural increase (1) 0.309 £0.01a 0.306 +0.01a
Net Reproductive Rate (R,) 35.16 £3.49a 31.22+ 1.80a
Other Population Parameters

Progeny Production 69.12 + 3.79a 44.08 + 2.05b
Mean Generation Time (T) 11.53 11.26
Doubling Time (Dt) 2.24 2.27

Sex Ratio (9: &) 52: 48 72:28
Preimaginal Survivorship 0.91 0.92
Finite rate of increase (A) 1.36 1.36

e Means followed by the same letter in the same row are not significantly

different (P>0.05), Tukey test.

e Analysis of Variance (ANOVA) performed on log transformed progeny

production. Values presented in Table 5.2 are the original data.
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Kaiser et al. (1989) reported that 7. evamescens Westwood, T.
pretiosum Riley and T. maidis (=brassicae) Bezdenko respond to components
of the sex pheromone released by most female moths. Recognition of specific
kairomones was also acquired by learning, through the association of the host
and its kairomones during oviposition (Van Alphen and Vet, 1986). Bjorksten
and Hoffmann (1998) also reported that host acceptance by Trichogramma has
been influenced by adult learning through oviposition experiences and pre-
adult learning through development inside a host. Younger eggs were
preferred by trichogrammatid egg parasitoids where survival and reproductive
success is highest (Strand, 1986).

The number of Trichogramma pupae developing within the host eggs
showed preference for the parasitoid for laying eggs, whereas the progenies
produced showed the suitability of the host (Hassan and Guo, 1991; Wiihrer
and Hassan, 1993; Hassan, 1994). Several researchers have studied the role of
host insects and host plants on parasitism and progeny production by different
Trichogramma species in the laboratory under choice and no choice situations
and field tests (Taylor and Stern, 1971; Curl and Burbutis, 1978; Torreno and
Cadapan, 1984; Pak, 1988; Corrigan and Laing, 1994; Romeis et al, 1997,
1998, 1999; Liu et al., 1998; Monje et al., 1999). However, few studies
(Ochiel, 1989; Guang and Oloo, 1990) were conducted on native species of

Trichogramma in Kenya.
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6.2 MATERIALS AND METHODS
6.2.1 Rearing of egg parasitoids

Trichogramma bournieri and T. sp. nr. mwanzai were collected from
eggs of Chilo partellus Swinhoe on maize and sorghum plants at Mbita and
Muhaka in Kenya, respectively (Abera et al., 2000a). Eggs of Corcyra
cephalonica Stainton and C. partellus were used as standard hosts for
laboratory and field cage experiments, respectively. Trichogramma bournieri
and T. sp. nr. mwanzai were first reared for 21 and 24 generations on C.
partellus, respectively. Eggs of C. partellus were obtained from the Animal
Rearing and Quarantine Unit of the International Centre of Insect Physiology
and Ecology (ICIPE). The parasitoids were also later reared for 36
generations on C. cephalonica eggs in the laboratory using the methods of
Singh and Jalali (1994). The rearing was conducted at ambient temperatures

of 24-29°C, 50-80% relative humidity and a photoperiod of 12L: 12D.

6.2.2 Effect of host insect

In a laboratory host preference experiment, . bournieri and T. sp. nr.
mwanzai were separately offered with the choice between eggs of the target
pest, C. partellus and eggs of the standard laboratory host, C. cephalonica.
Choice tests were performed using the method of Pak (1988) and Hassan
(1990, 1994). Both species used in this study were arrhenotokous (diploid
females from fertilized eggs) (Pinto and Stouthamer, 1994). A single mated

Trichogramma female (12 to 24 hours old) was released in a glass tube (75
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mm long x 25 mm in diameter) together with one egg card of C. cephalonica
(ca. 80 eggs/card) and two batches of C. partellus (ca. 40 eggs/batch). Freshly
laid host eggs were used for all experiments.

The egg cards/batches were glued at the corner of a piece of paper
measuring 2 cm x 2 cm (Hassan, 1994). Individual eggs of C. cephalonica
were glued with Traganth (Merk, Darmstadt, Germany) on a sheet of paper (80
g/mz), where as C. partellus eggs were laid on butter paper (Ochieng et al.,
1985). Feeding of the parasitoids were done using a mixture of honey (66%),
gelatine (1%) and distilled water (33%) and placed at the centre of the paper
daily until the fifth day. Cotton plugs were used as stopper for the vials.

A completely randomised design (CRD) was used for each species and
the test was replicated thirty times (n = 30 females) with ca. 80 x 2 eggs per
replicate. On the fifth day, parasitised eggs of each host insect were
transferred into another glass tube and larvae from non-parasitised eggs were
removed. Fertility, progeny production and sex ratio of the emerging
parasitoids were recorded. Fertility refers to the number of parasitised host
eggs in which the Trichogramma is at the prepupal stage (Hassan, 1990). The
experiment was conducted at ambient temperatures of 24-29°C, 50-80%
relative humidity and a photoperiod of 12L: 12D.

In the no choice laboratory test, completely randomised design was
used for each species and the test was replicated thirty times (n = 30 females)
with ca. 80 x 2 eggs per replicate. Eggs of Helicoverpa armigera Hiibner, C.

cephalonica and C. partellus were offered individually to 7. bournieri and T.
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were placed on the upper and lower leaves of the plant. Mated female
Trichogramma (ca. 50) 12 to 24 hours old of each species were released
separately at the centre of the cage. Diet that consists of honey (66%),
gelatine (1%) and distilled water (33%) was placed at the centre of the cage
for the parasitoids to feed after the release. A completely randomised design
was used for each species and the test was replicated in three cages with four
plants per cage.

The egg batches were collected on the fifth day and kept in glass tubes
and monitored in the laboratory at ambient temperatures of 24-29°C, 50-80%
relative humidity and a photoperiod of 12L: 12D. Data on parasitism,

emergence rate, progeny production and sex ratio were recorded.

6.2.4 Data analysis

All frequency data were analysed using the Chi-square (x°) tests.
Percent parasitism and emergence was calculated based on the methods
outlined by Van Driesche (1983). Fertility and progeny production data were
transformed to log) (x+1) while all percentage data (emergence of adults and
proportion of females) were arcsine-transformed before being subjected to
analysis of variance (ANOVA) using the General Linear Models (GLM)
procedure (SAS Institute, 2000). When F-values showed significance at

P=0.05, means were separated using Student-Newman-Keuls (SNK) test.






142

the hosts (Table 6.2).

Under the no choice laboratory experiments, there was no significant
difference between 7. bournieri and T. sp. nr. mwanzai in fertility (F=1.30;
df=1,29; p=0.2642) and progeny production (F=0.76; df=1,29; p=0.3901) on
C. cephalonica. In the case of C. partellus, there was no significant difference
in fertility (F=2.14; df=1,29; p=0.1540) but progeny production was
significantly different (F=5.16; df=1,29; p=0.0308) between the two

parasitoids.

6.3.2 Effect of host plant

In the field cage choice experiment using C. partellus eggs, both
species showed a stronger preference for maize plant than for tomatoes. In the
choice experiments, 7. bournieri attained significantly higher percent
parasitism (y’=41.81; df=1; p=0.001), progeny production (3x’=28.45; df=1;
p=0.001) and proportion of females (x2=24.89; df=1; p=0.001) on maize plant
compared to tomatoes (Fig. 6.2). There was significant difference between T.
bournieri and T. sp. nr. mwanzai in percent parasitism (F=7.47; df=1,20;
p=0.0128) and progeny production (F=5.88; df=1,20; p=0.0249) on maize.
However, there was no significant difference (P>0.05) between the two
species on tomatoes.

In the no choice experiments in the field cage, percent parasitism was
significantly higher in maize than in tomatoes in both species. However, there

was no significant difference in percent emergence and proportion of females
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other factors for successful biological control programs using Irichogramma

(Pak, 1988).

6.4.2 Effect of host insect

In the field cage experiment using C. partellus eggs, both species
showed a stronger preference for maize plant than for tomatoes. A strong
association between both parasitoids and maize plant has been observed in the
field cage choice and the no choice experiments, as percent parasitism and
progeny production were significantly higher in maize compared to tomatoes.
Furthermore, 7. sp. nr. mwanzai failed to parasitise C. partellus eggs on
tomatoes.

Hassan and Guo (1991) tested 20 Trichogramma strains on the
European cormn borer, Ostrinia nubilalis Hiibner on maize plants in the cage as
well as with the standard host S. cerealella in the laboratory. Trichogramma
ostriniae Pang & Chen and 7. evanescens were selected based on their
preference to the parasitise O. nubilalis on maize. Kaiser et al. (1989)
reported that 7. brassicae Bezdenko could associate the odour of maize with
the presence of O. nubilalis egg masses. Helicoverpa armigera on sorghum
was parasitised to high levels by T. chilonis compared to pigeon pea (Romeis
et al., 1997). The phenomena observed in 7. sp. nr. mwanzai is consistent

with the reports of Kaiser et al. (1989) and Romeis et al. (1997).















Table 6.2 Effect of host insect on parasitism, progeny production, sex ratio and developmental time of

Trichogramma sp. nr. mwanzai in the laboratory no choice experiment (Mean + SE)

Host Insects Parasitised eggs Progeny Production Proportion of Developmental
(per female) (per female) Females Time (days)
Chilo partellus 27.5+1.6a 21.6x1.7a 0.83£0.02a 10.5+0.1b
Corcyra cephalonica 352+3.8a 22.50 +2.6a 0.83 £0.02a 10.1£0.1b
Helicoverpa armigera 1.0+£0.2b 1.7£0.5b 0.75£0.09a 11.5+04a
F 94.03 71.67 0.04 11.12
df 2,58 2,58 2,37 2,39
P 0.0001 0.0001 0.9644 0.0002

Means followed by the same letter in the same column are not significantly different (P>0.05), SNK test.
Analysis of Variance (ANOVA) performed on log), transformed parasitised eggs and progeny production
and arcsine transformed proportion of females. Values presented in Table 6.2 are the original data.

e 1 =230 (number of Trichogramma females).

89!
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CHAPTER 7
7.0 GENERAL DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS

7.1 GENERAL DISCUSSION AND CONCLUSIONS

Trichogramma egg parasitoids (Hymenoptera: Trichogrammatidae) are
extensively used in augmentative biological control of lepidopteran pests
worldwide.  Trichogramma are particularly good natural enemies of
lepidopteran pests, because they parasitise and kill the pest in the egg stage,
before the crop is damaged. However, research on the natural occurrence and
use of this group of biocontrol agents has been limited in Africa. In Kenya,
the few earlier studies have been focussed on host range, adaptation and
quantitative response of Trichogramma species. The objective of the present
study was to assemble and identify the native Trichogramma species occurring
in different locations and assesses the potential of candidate species in the
integrated management of the African bollworm, Helicoverpa armigera
Hiibner and the Diamondback Moth, Plutella xylostella Linnaeus in Kenya.

Using surveys and field trials in Kenya, five native egg parasitoids
species, namely Trichogramma bournieri Pintureau & Babault, Trichogramma
sp. nr. mwanzai Schulten & Feijen, Trichogramma sp. nr. bruni Nagaraja,
Trichogrammatoidea sp. nr. lutea Girault and Trichogrammatoidea sp. were
recovered from eggs of H. armigera, P. xylostella and Chilo partellus

Swinhoe (Chapter 2).
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Trichogramma sp. nr. mwanzai was morphologically more similar to
the Australasian 7. chilonis Ishii than to T. bournieri. The genitalia of 7. sp.
nr. mwanzai was more similar to the Palaearctic species, 7. evanescens
Westwood, than to the genitalia of 7. bournieri. Further studies based on
genetic characters using molecular techniques (RAPD-PCR) showed T.
bournieri and T. sp. nr. mwanzai had 40% genetic similarity. It is concluded
that the two native Kenyan species are more similar genetically than
morphologically.

In order to assess the relative suitability of the two native species of
Trichogramma for biocontrol, their temperature tolerance, life table
parameters and responses to host insect and host plant were determined.
Chapter 4 deals with studies on the effect of temperature on 7. bournieri and
T. sp. nr. mwanzai compared also with 7. evanescens and T. chilonis. There
was no development of I. bournieri and T. sp. nr. mwanzai at 13°C.
Trichogramma sp. nr. mwanzai appeared to be superior at higher temperatures
in terms of fertility and progeny production.

At all the four temperatures tested, 7. sp. nr. mwanzai had the highest
preimaginal survivorship. The developmental period for all the species
decreased as the temperature increased. Sex ratio was female-biased at all
temperatures for 7. bournieri and T. chilonis. In contrast, sex ratio was male-
biased in 7. sp. nr. mwanzai. Since T. sp. nr. mwanzai showed tolerance to the
higher temperature (34°C), it could well be regarded as a preferable candidate

species for biocontrol programmes in warmer climates.
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