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ABSTRACT

Trichogrammatid egg parasitoids are used extensively for the control of several

lepidopteran pests in many areas of the world. They ar~he most promising biological

control agents for inundative releases against the African bollworm Helicoverpa

armigera, an injurious pest of several agricultural crops in Kenya and elsewhere in

Africa. To enhance their potential impact in Kenya as well as eastern Africa, collections

of indigenous species/strains (Trichogramma sp. nr. mwanzai and Trichogrammatoidea

sp. nr. lutea from low altitude, Trichogramma sp. nr. mwanzai and Trichogrammatoidea

sp. nr. lutea from medium altitude and Trichogramma bruni and Trichogrammatoidea sp.

nr. lutea from high altitude) were made from different altitudes in Kenya and were

evaluated following different criteria to select potential candidates for use against H.

armigera. The major focus was their adaptation to a range of temperature and humidity
\

regimes. The criteria included functional response, lifetime parasitism and development

and population growth characteristics at six temperatures (10, 15, 20, 25, 30 and 35°C)

and two humidity regimes (40-50 and 70-80%). Preference of parasitoids for target pest

and relative suitability for development among five lepidopteran hosts was also

\ investigated, in addition to testing their capacity to attack H. armigera eggs occurring on

two host plants (tomato and okra) in laboratory and field experiments.

Functional response studies revealed that temperature affected parasitisation rates

of the strains significantly, while relative humidity did not. Trichogrammatoidea sp.nr.

lutea from high altitude, Trichogramma sp. nr. mwanzai from low altitude and T. sp. nr.

mwanzai from medium altitude showed higher parasitism across the widest temperature
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range. There was no relationship between source altitude/climate and performance of the

strains at the temperatures tested.

Temperature and humidity interactions affected lifetime fecundity and progeny

production. The highest parasitism at the two humidity levels was at 30°C for all the

strains. The interaction of the two factors also affected adult longevity, which was longer

at the lower than higher humidity. Survival followed a type l-survivorship curve at lower

temperatures and a type III survivorship curve at the higher temperatures. These studies

revealed that T sp. nr. mwanzai from both low and medium altitudes and T sp. nr. lutea

from medium altitude appear as promising candidates for augmentative biocontrol of H.

armigera.

Temperature and humidity interactions also affected the population growth and

development of parasitoids although temperature appeared to be more important.

Developmental time was inversely related to temperature. The intrinsic rate of increase

was found to increase with increasing temperature up to 30°C. The finite rate of increase

also followed the same trend. The net reproduction rate also increased with increasing

temperature up to a maximum at 30°C. Both net reproduction and intrinsic rate of

increase were higher at the lower humidity. Temperature negatively affected generation

time ofparasitoids regardless of the humidity level.

Host acceptability studies showed that all the six species/strains did accept all the

tested host species, although acceptance levels varied among strains and hosts. Most

species/strains showed greater preference for noctuids over pyralids and yponomeutids.

Suitability of hosts for progeny development varied from one species/strain to another.
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The different species/strains did not show significant differences in parasitising eggs of

H. armigera when placed on two host plants, namely tomato and okra.

From these studies, T. sp. nr. mwanzai CM), T. sp. nr. mwanzai CL) and T. sp. nr. lutea

(M) offer great potential as candidates for augmentative biocontrol of H. armigera in

Kenya.
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CHAPTER ONE

1.0. GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 Incidence and distribution of Heiicoverpa armigera

The African bollworm, Helicoverpa (Heliothis) armigera (Lepidoptera:

Noctuidae), is one of the major pests in Africa, attacking a variety of food and cash crops

(Annecke and Moran, 1982). It is widely distributed on more than 180 cultivated and

uncultivated host plants (Manjunath et al., 1989) and is one of the most important

injurious pests of agricultural crops (Van den Berg et al., 1993). In Eastern Africa, it is a

sporadic serious pest of cotton, tobacco, maize, sorghum, millet, beans, pigeon pea and

other legumes, vegetables (especially tomato), sunflower and citrus (Karel, 1985). In the

vegetable crops, the pest generally causes yield reduction due to direct damage on leaves,

flowers, buds and fruits and ultimately affects production (Ikin et al., 1993). The species

destroys mainly the reproductive parts and also acts as a defoliator. H. armigera prefers

hairly surfaces for oviposition and this usually coincides with flower production or bud

burst. In Kenya, for example, it is one of the most important pests of a wide range of

crops including many weeds (Cock et al., 1991; Van den Berg et al., 1993) and export

vegetable crops such as peas, beans, capsicum and okra (Oduor et al., 1998; Farrel et al.,

1995).

1.1.2 Biology and life cycle of H. armigera

Over a reproductive lifetime of 5-10 days, female moths produce many eggs (200-

1200) (Reed, 1965b), which are deposited singly on plants (Beeden, 1974). Adults are

strongly attracted to crops that provide honeydew or nectar and feeding extends their



2

lifespan. Under local temperatures in Tanzania for example, larvae develop in 21 days

and pupae in 17 days (Reed, 1965b). With a pre-oviposition period of 1-4 days (Singh

and Singh, 1975) and an egg development period of 4-5 days (Van den Berg, 1993), the

generation time is about 45 days. The larval period lasts about 18 days and fully-grown

larvae leave the plant to pupate in soil (3-15 cm deep). A proportion of pupae may enter

summer diapause (Reed, 1965a; Hackett and Gatehouse, 1982) or winter diapause (Fitt,

1989), which extends the pupal period. The pupal period depends on temperature. The

adult female moths live for about 14 days while the male moths live about 9 days. The

longevity of adult moths depends on availability of food and temperature. A high

fecundity and a shorter generation time give H. armigera great capacity to increase (Fitt,

1989).

1.1.3 Damage and economic impact by H. armigera

Helicoverpa armigera is a pest of major importance in most areas where it occurs.

Its considerable pest significance is based on the peculiarities of its biology - its mobility,

polyphagy, rapid and high reproductive rate and diapause make it particularly well

adapted to exploit transient habitats such as man made agroecosystems.

Larvae of H. armigera usually live hidden within the fruiting parts of the plant during

most of their development. The young larvae cause damage by feeding on soft plant parts

rich in protein (especially buds and flowers) and on young pods but the main damage is

done by old larvae burrowing into green pods and eating developing seeds (Karel, 1997).

The larvae or caterpillars also feed on leaves and buds in some host plants. Normally,

they consume only a small portion of the flower or fruit and move to the next, leaving a
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trail of damaged flowers or fruits that produce no harvest (Van den Berg et al., 1993).

Secondary rots may develop within buds or fruits of vegetables like tomatoes after the

insect's attack. The voracious larval feeding behaviour leads to substantial economic loss

(Reed and Pawar, 1982). The ability of ovipositing females to locate and utilize a wide

range of hosts from a number of families is one of the major factors contributing to the

pest status of this moth (Zalucki et al., 1986; Fitt, 1989, Zalucki et al., 1994).

Helicoverpa armigera is able to cause substantial direct, indirect and cosmetic damage

and consequently lead to losses in the quality and quantity within different crops. In

Mbita, Kenya, damage by H. armigera has been estimated to be about 24% on tomato

(ICIPE, 1997).

1.1.4 Control of H. armigera

Control of H. armigera has mainly relied on the use of insecticides. There is

however, a strong ability of H. armigera to develop resistance to a variety of insecticides

and cases of resistance to organochlorides and pyrethroids in the field have been reported

(Wolfenbarger et al., 1981). Besides causing resistance in pests, chemical pesticides are

expensive to the farmer, have adverse effects on the environment and cause health

hazards (Balk and Koeman, 1984). Moreover, pesticides cause destruction of natural

enemy complexes and hence disrupt the natural enemy balance that often exists between

pests and their natural enemies (Ehler et al., 1973). This results in secondary pest

outbreaks. In Tanzania and the Sudan, the impact of parasitoids on H. armigera in cotton

declined during the last decade as the use of insecticides increased (Reed, 1965b; Balla,

1981).

"I: VA
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Most insecticide applications are targeted at the larval stages, but as these are only

really effective when larvae are small, the need to scout for eggs and spray soon

afterward is paramount. Young larvae are difficult to find, and older larvae soon burrow

into the floral organs where they become less accessible to contact insecticides, require

higher doses to kill and cause direct economic loss. Moreover resistant larvae are still

susceptible when they are less than 4 days old, so that the targeting of neonates is

essential in areas where resistant populations are present (Daly, 1988). The considerable

selection pressure, which H. armigera has experienced, particularly to the synthetic

pyrethroids, which were used predominantly in the early 1980s, has resulted in the

development of resistance to the major classes of insecticides in many of the areas where

these have been used. Field failures from pyrethroid resistance have been reported from

Australia, Thailand, Turkey, India, Indonesia and Pakistan.

In eastern Africa, resistance to pesticides among populations of H. armigera (Ikin

et al., 1993) makes chemical control less efficient. This scenario has prompted the need

for developing Integrated Pest Management (IPM) strategies involving the use of

biological and other safer pest control techniques especially for the major pests on

vegetable crops. The augmentative release of mass-reared trichogrammatid egg

parasitoids is a promising method to reduce egg hatching and subsequent crop damage

caused by larval feeding of several lepidopteran pests such as H. armigera (Smith, 1996).

Although H. armigera is recognised as an important pest of vegetables in eastern Africa,
J

no evaluations for the potential impact of its egg parasitoids have been undertaken so far

in the region. It is therefore important to assess the potential for utilizing egg parasitoids

to control major vegetable pests in Kenya.
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1.1.5. Biological control of H. armigera

With the deteriorating confidence m the use of insecticides, there is growmg

emphasis and increased interest in developing an Integrated Pest Management (lPM)

approach to avoid resurgences (Gunning et al., 1984; Daly and Murray, 1988; McCaffery

et al., 1989). This requires the development of ecologically sound pest control practices

that utilize and conserve the natural enemies of insect pests as one of the ways to achieve

sustainable crop production. Such practices maximise the contribution of natural enemies

to the depression of H. armigera populations (Greathead and Waage, 1983). Biological

control is especially important to smallerholder farmers with limited capital reserves

since it is generally less costly than chemical methods and does not cause degradation of

resources. The methods necessary within an IPM framework include among others

regulatory control, cultural control, use of sanitary methods and host plant resistance and

biological control.

Biological control involves use of naturally occurring enemies such as predators,

parasitoids and pathogens in regulating populations of economically important pests

including Heliothis/Helicoverpa species (Carner and Yearian, 1989). The natural enemies

of H. armigera have been studied in several countries in Africa (Van den Berg et al.,

1988) and most of them are parasitoids, which vary from crop to crop and from country

to country within Eastern Africa. One of the most important genera among the egg

parasitoids used to control H. armigera is Trichogramma, tiny wasps of the order

Hymenoptera, family Trichogrammatidae and subfamily Chalcidoidea.
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1.2 Diversity and distribution of the genus Trichogramma

The genus Trichogramma is one of the 80 genera In the family

Trichogrammatidae. All members of the genus are parasitoids of insect eggs with a few

exceptions (Viggiani, 1981). Trichogrammatidae include some of the smallest insects,

ranging, from 0.2 to 1.5 mm long. Within the genus Trichogramma, there are 145

described species, worldwide. The distribution of the genera in the bio geographical

regions of the world was summarised by Yousuf and Shafee (1987). Virtually all larger

genera are cosmopolitan with the exception of Trichogrammatoidea, which is either not

present or poorly represented in the Palaearctic and Nearctic regions. Trichogramma is

one of the most described species probably because of its importance as a biological

control agent.

1.2.1 Taxonomy

Trichogramma are difficult to identify because they are small and have generally

uniform morphological characters. Also, certain physical characteristics such as body

colour, abundance, body length and hairs were found to vary with season, rearing

temperature and host on which the adults were reared (Flanders, 1931, Oldroyd and

Ribbands, 1936; Quednau, 1960). Because of these difficulties and the lack of type

specimens, species names in the literature in North America before 1980 were largely

unreliable (Pinto and Stouthamer, 1994). The taxonomy of Trichogramma at species

level is being developed and from the 180 species known (Pinto, 1998), about 120 have

been described in the last 20 years (Voegele, 1988; Pinto, 1998).
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A major advance in the systematics of Trichogramma was the discovery that

characteristics of male genitalia could be used to identify species (Nagarkatti and

Nagaraja, 1968, 1971, 1977) and this is the primary basis of identification today. Females

cannot be identified with the same level of confidence, so collections for identification

must include males. In addition to physical characteristics, studies of reproductive

compatibility and mode of reproduction also have been especially valuable in identifying

species (Pinto and Stouthamer, 1994). Taxonomic support is necessary to identify natural

and introduced species to ensure mass cultures are not contaminated by undesired

species.

1.2.2 Biology and life cycle

Trichogramma wasps primarily parasitize eggs of moths and butterflies

(Lepidoptera). However, certain species of Trichogramma also parasitize eggs of beetles

(Coleoptera), flies (Diptera), true bugs (Heteroptera), and other wasps

(Hymenoptera) and lace wings (Neuroptera). Most indications suggest that

trichogrammatids have a greater fidelity to microhabitat than taxon of the host as

determining the host range (Wajnberg and Hassan, 1994).

It has been reported that the adult female wasp uses chemical and visual cues to

locate a bollworm egg. The chemical cues called kairomones, are on the moth's scales

left near the egg by the female moth during oviposition (Nordlund et al., 1981). Some of

the kairomones are 'also bollworm sex pheromones. Egg shape and colour also may be

visual clues to the wasp (Ruberson and Kring, 1993). When a suitable host is

encountered, the female Trichogramma examines the egg by antenna Idrumming, it drills
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a hole into it with her ovipositor and lays one or more eggs within the host egg,

depending on its size. The intemal pressure of the boIlworm egg forces a small drop of

yolk out of the oviposition hole. Females feed on this yolk, which increases their

longevity. A female Trichogramma under laboratory conditions parasitises from 1 to 10

bollworm eggs per day or from 10 to 190 during her life span. Large females parasitise

more eggs than smaller ones and females feeding on honey and young boIlworm eggs

live an average of 11 days (Ruberson and Kring, 1993).

When Trichogramma finds preferred host eggs, it will usually stay on or near them for a

longer time until most of them are parasitised. Less preferable host eggs may be totally

rejected or the parasitoid might lay a few eggs before leaving the location to search for

more suitable hosts. Therefore, variation in host preference by Trichogramma species is

an important factor with regard to biological control.

Bollworm eggs in the early stages of development are more suitable for parasitoid

development. Older bollworm eggs, especially those in which the head capsule of the

larva is visible are not usually parasitised and if they are, parasitoid survival is much

lower (Ruberson and Kring, 1993).

The yolk and embryo of the parasitised bollworm eggs are digested before the

Trichogramma egg hatches. The eggs hatch in about 24 h and the parasitoid larvae

develop very quickly. Larvae develop through three instars. During the third instar (3-4

days after host egg was parasitised), dark melanin granules are deposited on the inner

surface of the egg chorion, causing the bollworm egg to tum black. Larvae then transform

to the inactive pupal stage. After about 4-5 days, the adult wasps emerge from the pupae

and escape from the bollworm egg by chewing a circular hole in the eggshell. The black



9

layers inside the chorion and exit hole are evidence of parasitism by Trichogramma. The

life cycle from egg to adult requires about 9 days, but varies from 8 days to as many as 17

days at IS.SoC when mid summer temperatures are high (32°C). Adults are most active at

a range of23.8-29°C.

Trichogramma adults emerge from the host eggs in the early morning. Males

emerge first and remain at the host egg to mate with emerging females if they are present.

Mated females produce male and female offsprings. Unmated females (parthenogenetic)

produce only males. The females begin egg laying within a few hours of emergence.

Trichogramma overwinter as immature forms in host eggs. Some species enter a state of

diapause, which allows them to tolerate long periods of subfreezing temperatures. Other

species such as T. pretiosum slow their rate of development and may be active as adults

during warm days. The lack of host eggs in the early springs may be a critical factor in

determining the number of Trichogramma that are later present to move into field crops

in the following season (Lopez and Morrison, 1980).

Trichogramma species are pro-synovigenic insects, that is, the females have 30-

80 mature eggs at the time of emergence (Franz and Voegele, 1974) and may continue to

mature with time. As in most Hymenoptera, the normal mode of reproduction in

Trichogramma is arrhenotoky. Haploid males arise from unfertilised eggs and diploid

females from fertilised eggs. A less common mode of reproduction is thelytoky, in which

unfertilised eggs give rise to diploid female offsprings. Todate, thelytoky has been

reported for 14 Trichogramma species (Stouthamer, 1997). Thelytokous Trichogramma

can be converted to arrhenotoky by feeding antibiotics to the infected females or by

rearing them at high temperatures (Stouthamer et al., 1990).
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1.2.3 Sex ratio in Trichogramma

Most Trichogramma species, like other Hymenoptera, regulate the sex ratio of

their offsprings by arrhenotoky: fertilized zygotes produce females; unfertilised eggs

become males (Suzuki et al., 1984). A few Trichogramma species are thelytokous and

produce only female progeny (Flanders, 1965; Suzuki and Hiehata, 1985). The

adjustment of sex ratio to host size has been reported for numerous parasitoid species

(Jones, 1982; Waage and Godfray, 1984; Werren, 1984; Waage, 1986). In large hosts,

mated Trichogramma usually produce highly skewed sex ratios, with female offspring

outnumbering male offspring (Suzuki et al., 1984; Waage and Ng, 1984; Waage and

Lane, 1984). Sex ratio variation is widespread among biological control agents and can

be attributed to a wide range of causes (King, 1987, 1993; Ebbert, 1993; Luck et al.,

1993; Sabelis and Nagelkerke, 1993). The variability in sex ratios can either benefit or

hinder the practice of biological control. Consistently female biased sex ratios are

expected to benefit biological control because of the increased population growth rates

and, in the case of parasitoids, because males do not contribute to pest mortality (Waage,

1982; Hassell et al., 1983; Hall, 1993). On the other hand, male biased sex ratios can

without a question be a hindrance to successful biological control.

1.3. General approaches in biological control

There are three general approaches to biological control: importation,

augmentation and conservation of natural enemies. Each of these techniques can be used

either alone or in combination in a biological control program.
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Importation of natural enerrues, sometimes referred to as classical biological

control, is used when a pest of exotic origin is the target of the biocontrol program. Pests

are constantly accidentally or intentionally being brought into countries where they are

not native. Many of these introductions do not result in establishment or if they do, the

organisms may not become pests. However, it is not uncommon for some of these

introduced organisms to become pests, due to lack of natural enemies to suppress their

populations. In these cases, importation of natural enemies can be highly effective

(Caltagirone, 1981). Once the country of origin of the pest is determined, exploration in

the native region can be conducted to search for promising natural enemies. If such

enemies are identified, they may be evaluated for potential impact on the pest organism

in the native country or alternatively imported into the new country for further study.

They must first be placed in quarantine for one or more generations to be sure that no

desirable species are accidentally imported (diseases, hyperparasitoids etc.).

Augmentation is the direct manipulation of natural enemies to increase their

effectiveness and involves the periodic release of a natural enemy that does not occur

naturally in sufficient numbers to keep a pest below damaging levels. Augmentation can

be carried out by inundative releases or inoculative releases. The inundative approach is

achieved by multiple releases of insectary -reared natural enemies. The released insects

control pests present at the time, but there is little expectation that later generations will

persist at sufficient levels to provide control. This approach requires a large number of

natural enemies at the precise time when pest eggs are present and crop and weather are

conducive to the release. Inoculative releases involve one or several releases to establish

populations of the natural enemy before pest densities have begun to increase. The
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natural enemy reproduces on the target pest or an alternate host and its population

increases to levels sufficient to control the target pest later in the season.

Conservation is a critical component in any biological control effort and involves

identifying the factor(s), which may limit the effectiveness of a particular natural enemy,

and modifying them to increase the effectiveness of the beneficial species. In general,

conservation of natural enemies involves either, reducing factors, which interfere with

natural enemies, or providing resources that natural enemies need in their environment to

increase their impact on pests. Examples include preventing the use of broad-spectrum

insecticides and planting strip crops in and around the field to provide food and habitat

for natural enemies. Insecticides such as those based on Bacillus thuringiensis and some

insect growth regulators for example have very little or no impact on beneficial

arthropods and can be used in IPM programs with Trichogramma.

1.3.1 Choice of natural enemies in augmentation

According to Overholt (1997), it is necessary to decide whether to select a native

or an exotic natural enemy for an augmentation programme. A primary consideration

may be whether the target pest is native or exotic. If the pest is native, then it is most

likely that the best-adapted natural enemies can be found in the same environment. If the

pest is exotic, the approach of choice should be classical biological control through the

importation of old association natural enemies. However, if the introduced natural

enemies do not provide the level of control desired, then it may be necessary to combine

the classical approach with the augmentation approach, whereby exotic natural enemies

are mass produced and released to increase population suppression (Overholt, 1997).
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Some potential advantages and disadvantages of the use of native and exotic natural

enemies for augmentation biocontrol are summarized in Table 1. When collecting natural

enemies, it is advisable to collect from the same host species, feeding on the same host

plant, as the target of the programme and to collect from areas, which have similar

climates to the intended area of introduction.



Table 1: Advantages and disadvantages of native and exotic natural enemies for augmentation biological control.

Origin
of
natural
enemy

Advantages Disadvantages

Native

Exotic

Adapted to climate

Little concern about environmental
impacts
May stimulate the establishment of a
local rearing industry
Technical assistance may be locally
available
Many natural enemies commercially
available
Proven effectiveness in other countries
Rearing methods known

Effective natural enemies may not be available, particularly
for exotic pests
Need for research to identify natural enemies and rearing
procedures
Need for capital investment to start local rearing industry

Potential concerns about environmental impacts

Cost of importation
Legal (importation restrictions and permits)
Need for adaptive research
Natural enemies available may not be adapted to climate
Potentially poor technical assistance
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1.3.2 Modern approaches in augmentation of natural enemies

Because most augmentation involves mass-production and periodic release of

natural enemies, this type of biological control has lent itself to commercial development.

There are hundreds of biological control products available commercially for dozens of

invertebrate and vertebrate pests, weeds, and plant pathogens (Anonymous, 1995).

The practice of augmentation differs from importation and conservation in that making

durable changes in an agroecosystem to improve biological control is not the primary

goal. Rather, augmentation generally seeks to adapt natural enemies to fit the existing

production systems. An excellent example of an augmentative practice that has been

successfully adapted to a wide variety of agricultural systems is the inundative release of

Trichogramma wasps. These minute endoparasitoids of insect eggs are released in crops

or forests in large numbers (up to several million/ha) timed to coincide with the presence

of pest eggs. Trichogramma are the most widely augmented species of natural enemy,

having been mass-produced and field released for almost 70 years in biological control

efforts. Worldwide, over 32 million hectares of agricultural crops and forests are treated

annually with Trichogramma spp. in 19 countries, mostly China and republics of the

former Soviet Union (Li, 1994).

Trichogramma have been used in all three biological control approaches:

Importation, inoculation and inundation. Inundative releases achieve an immediate,

nonsustaining reduction in the host population. In inoculative releases, however, it is

primarily the progeny of parasitoids released at the beginning of the season that have a

latter effect on the host population. Inundative releases have often been used in Europe

and the Americas (Bigler, 1986; Hassan, 1982; King et al., 1986, 1985a, b; Smith et al.,
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1990), whereas countries in Asia and parts of the former USSR have put more emphasis

on inoculation and occasional introductions (Voronin, 1982; Wang et al., 1988).

Warmer climates favour multivoltine pests and inoculative releases, because the

parasitoids can multiply during the low growing season. Inundative releases, which are

timed specifically to the ovipositional period of the pest, are more appropriate in northern

climates with uni-or bivoItine host species. Several countries use both strategies through

the repeated annual applications of Trichogramma (Voronin, 1982; El-Heneidy et al.,

1990; Li, 1994). In China, a slight modification of the inoculative approach has been

used; Trichogramma are released in vegetable gardens adjacent to the target crop in ratios

from 1:5 to 1:14 (release garden: target crop) (Wang et al., 1988). Introductions of exotic

species have occurred in India (Rawat and Pawar, 1991), North America and Russia. The

different approaches to the use of Trichogramma have resulted in two different

perspectives: the inundative approach, which tends to view the parasitoid as a fast-acting

replacement of chemical insecticides, and the inoculativelintroduction approach, which

sees the parasitoid as one aspect of integrated pest management. According to Hassan

(1993), inundative releases for the control of lepidopterous pests are being investigated in

more than 50 countries and are commercially used on more than 32 million ha each year.

Most augmentative biological control programs release Trichogramma as pupae within

their host eggs, which are timed to emerge soon after their release in the field (King et al.,

1985c). Mixing of Trichogramma in different development stages has been used to

prolong the effect of the parasitoid in the field (Has san, 1980, 1985; Hassan and Zhang,

2001). Trichogramma are particularly good natural enemies of caterpillar pests because
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they parasitise and kill pests in the egg stage before the crop is damaged (Wajnberg and

Hassan, 1994).

1.4 Use of Trichogramma in biological control

The use of Trichogramma for controlling insect pests has recorded attention since

the 1920s (Flanders, 1929; Morrison et al., 1978; Olkowski and Zhang, 1990; Newton,

1993; Hassan, 1993). Extensive utilization of this parasitoid has been developed for

controlling lepidopterans in corn, rice, sugarcane, vegetables and pines (Hassan, 1993).

The efficiency of using Trichogramma is dependent on several factors which include

selection of suitable species, quality of reared parasitoids, reasonable release rates per

hectare, release method (inundative/inoculative), methods of conducting release

(mechanical/manual), climate during releases, timing of releases and an integration of

other methods of pest control particularly chemical control. Although species of the

genus Trichogramma attack more than 400 species in 203 genera, 44 families and 7

orders (Bao and Chen, 1989), its world wide commercial use is still limited to a small

number. Thus it has a great potential and there is need to develop its applications. For

effective commercial use however, it is essential to select suitable parasitoid species

(either introduced exotic or indigenous) to control the target pests. Some parasitoid

species such as Trichogramma evanescens, T. pretiosum and T. dendrolimi are quite

commonly used in many countries against a number of insect pests because they show

plasticity of their response to a diversity of habitats. There are also Trichogramma

species that are found in only one country, and their utilization is restricted.
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It is therefore necessary to understand the importance of identification and distribution of

natural populations of Trichogramma species, which are well adapted to the given

climatic conditions. Information regarding the pest one wishes to control and the crops on

which the pest feeds is also vital. Usually, the utilization of an indigenous dominant

species is preferred although sometimes introduction of exotic species is also necessary,

if they are available.

1.4.1 Functional response of Trichogramma species

Functional response is a term that has been used to describe changes in the

number of attacks per parasitoid (predator) as host (prey) density changes (Solomon,

1949). The density and spatial patterns of hosts are usually considered to influence

parasitoid efficiency (the number of hosts parasitised) (Burnett, 1958; Madden and

Pimentel, 1965; Hassell, 1982; Stiling, 1987; Walde and Murdock, 1988). One important

aspect in evaluating the efficiency of a natural enemy is to study its performance as an

individual by examining the attack rate on the host or prey. Knowledge of the functional

response may provide some understanding of the host-natural enemy interactions

(Hughes et al., 1992; Kidd and Jervis, 1996). It is also essential to understand 'prey death

rates' and 'predator rates of increase' (Lawton et al., 1975) and in the consideration of

optimal predator foraging behaviour (Charnov, 1976; Cook and Hubbard, 1977; Comins

and Hassell, 1979). However, the ability of a biological control agent to maintain the host

population at low densities is the main objective of biological control, therefore it is

important to study the parasitoids behaviour at densities characteristic of those

encountered in the field.
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Functional response has been extensively studied by Holling (1959) and reviewed

in some detail by the same authour (Holling, 1961, 1966). Holling (1959) demonstrated

that a completely general feature of parasitoid or predator attack is 'handling time' and

this has a very important effect on their functional response. Handling time has been

defined as the interval between a natural enemy first encountering a host or prey and

when search (for the next host or prey) is resumed (Varley et aI., 1973). Investigation of

the effects of environmental factors on the behaviour of Trichogramma is essential to

understand host-natural enemy interactions. Changes in climatic conditions or in size of

the arena searched by the predator may result in a varying predation capacity

(Mohaghegh et aI., 2001). Holling (1959) suggested a model, the 'disc equation' to

illustrate the principal of time budget in behavioural ecology. The model assumes that a

parasitoid (predator) spends its time on two kinds of activities: searching for hosts (prey)

and prey handling. Holling (1959) and Hassell et al. (1977) considered 3 major types of

functional responses: Type I (in which predation is proportional to prey density that is,

prey mortality due to predation is constant), Type Il (search rate is constant and prey

mortality declines with prey density) and Type III (in which search rate increases with

increasing prey density). Of these, only type III can contribute to stability of predator or

parasitoid population interactions (Holling, 1959; Hassell and May, 1973; Murdoch and

Oaten, 1975).

1.4.2 Evaluation of natural enemies by use of life tables

Studies evaluating the impact of natural enemies on their hosts fall into two broad

categories. The first category involves separate host populations; one population with a
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particular natural enemy and the other without. When the resulting densities and

mortalities in the population are compared, the difference is attributed to the natural

enemy. Such evaluations quantify the impact of the natural enemy largely in terms of

mortality caused by an agent to a given generation or a set of generations of the host and

the consequent overall reduction in host density (Bellows et al., 1992). However, these

evaluations do not provide descriptions of other sources of mortality that act together

with the natural enemy. The second category involves the construction and analysis of

life tables for the affected generations and this is done for either single or multiple

locations or generations. Use of life tables may be geared towards two types of questions

about natural enemies (a) they may be used to allow detailed quantification of the

mortality caused to host population by the natural enemy; that is, mortality due to natural

enemies is compared with other sources of mortality acting on the population and other

factors separately quantified. (b) Life tables allow the ecological role of a natural enemy

in a particular system (whether it is a source of regulation contributing to stability) to be

determined. Southwood (1978) gives a general description of life table construction,

organization and terminology.

The impact of parasitoids is generally measured as apparent mortality, that is, the

proportion of a host generation in a susceptible stage that is ultimately killed by

parasitoids. Mortality is usually equated to percentage parasitism in a generation, but

sometimes, high numbers are killed through host feeding or ovipositor piercing of the

adult parasitoids (Kidd and Jervis, 1989). Three approaches to study the impact of

parasitism are discussed by van Driesch et al. (1991) and Bellows et al. (1992).



21

Life tables describe the numbers of separate developmental stages of an organism (Lx)

over one (or part of a) generation, and the numbers dying (d.) from separate stage-

specific mortality factors, including natural enemies (Southwood, 1978).

1.4.3 Parasitoid quality

The efficacy of biological control is dependent on the quality of natural enemies

produced for release (Hassan and Zhang, 2001). The reliability of biological control

would be considerably improved if producers observed product quality standards.

Failures of egg parasitoids to control agricultural pests could be due to the use of less

suitable strains (Hassan, 1989).

Populations for inundative releases are often selected on the basis that those with

high fecundity, emergence, sex ratio (percentage of female to male offspring), longevity,

host preference for the target species, host searching ability and tolerance to weather

conditions, will be the best. A population with these characteristics is of high quality

because these traits are assumed to be ecologically important for these parasitoids when

released inundatively. The selection of potential agents and release strategy of natural

enemies are critical aspects for the success of these programmes (Ehler, 1990).

Several authors have indicated particular attributes that would increase the biological

abilities of the parasitoids and their effectiveness in the field (Pak, 1988; Bigler, 1989;

Pak et al., 1991, Pavlik, 1993).

While Parasitoid quality is defined as the performance of a parasitoid in its

intended role after release in the field, it is not clear which biological trait(s) are the best

to make this prediction. Bigler et al. (1991) proposed that a few simple life history traits
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such as the number of parasitised eggs or deformed individuals, parasitoid emergence,

sex ratio, longevity and activity, be used to estimate quality. A few studies have also

attempted to combine several traits into a single quality index to predict field

performance (Greenberg, 1991; Cerutti and Bigler, 1995). In the field, Trichogramma

must also cope with seasonal and daily fluctuations in temperature (Calvin et al., 1984;

Pak and van Heiningen, 1985). Tolerance of Trichogramma species/strains to

environmental conditions characteristic of the field conditions in the release area is

important (Hassan, 1994). Hassan (1980) showed that release of a mixture of

developmental stages could prolong the effect of the parasitoid in the field and increase

efficacy.

1.4.4 Host preference and suitability

Parasitoids of the genus Trichogramma are extensively used as biological control

agents because they attack eggs of several lepidopteran species that cause serious damage

to many kinds of crops. This potential polyphagy is tempered however, by the tendency

of most Trichogramma to show strong preference to certain host (s), crop (s) and climatic

conditions (Hassan and Gou, 1991). Because of these preferences, Trichogramma are

likely to have a limited host range in any given environment, decreasing the potential for

non-target impacts. In designing a biocontrol programme that involves a polyphagous

natural enemy or assessing it retrospectively, an essential step entails establishing

whether the target pest species will be parasitised relatively frequently by the proposed

agent and whether it will serve as a suitable host for the candidate parasitoid. A more
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complete interpretation of the polyphagous host relationships requires information on the

relative rates of parasitism across host species (host preference) and on host suitability.

One of the primary concepts in selecting for a biological control programme is

that a pest should be suitable for the development of the parasite (De Bach, 1964).

Suitability of pests needs to be investigated before directing the biological control

programme against them. Host suitability encompasses various aspects of the host quality

that affects the insect performance (Singer, 1986). The suitability of the pest host for

parasitoid development depends 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 parasitoids eggs or larvae and the host's

nutritional adequacy (Vinson and Iwantsch, 1980).

Biological control often involves the ability of one organism to locate, interact

with, or avoid another organism. Parasitoid wasps of the genus Trichogramma employ a

vast array of chemical cues in the search and successful attack of host eggs. Moth scales

are known to contain contact kairomones that stimulate searching behaviour in

Trichogramma species (Lewis et al., 1972; Smits, 1982; Noldus and van Lenteren,

1985b; Zaborski et al., 1987). Host accessory gland secretions present on and around host

eggs, also cause arrestment and induce host recognition by parasitoids (Noldus and van

Lenteren, 1985b; Nordlund et al., 1987; Pak and le long, 1987). Since olfactory cues

often control host-parasitoid interactions, an understanding of olfactory response is

important in effective use of biological control agents.
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1.4.5 Host plant preference

Parasitoids are usually rather specific natural enemies that attack a limited number

of insect species. However, their specificity should be considered not only on the level of

the insect but also on the level of the plant (Takabayashi et al., 1998). Parasitoids may

use hosts that feed on one or a few species of plants only but alternatively, the host of a

parasitoid may be a generalist that feeds on a wide range of plant species. Parasitoid

behaviour has been studied for several decades and a wealth of knowledge has been

obtained on different parasitoid species (Vinson, 1976; Vet and Dicke, 1992; Turlings et

al., 1993; Takabayashi and Dicke, 1996). However, to understand differences among

parasitoid species, it is important to consider the ecological context in which a parasitoid

functions (Vet and Dicke, 1992).

Crop plants may influence the effectiveness of biological control in various ways,

one of which is the production of cues that guide natural enemies to infested plants

(Dicke, 1996). The impact of host plants on the host range of parasitoids is important as

several Trichogramma species are found to parasitize a host on certain plants but not on

others (Rabb and Bradley, 1968; Abera, 2001). Plant odours have a role to play in host

habitat location by Trichogramma (Altieri et al., 1981, 1982; Nordlund et al., 1985).

Volatile chemicals from the food plant of the host are released in relatively large amounts

and provide long range, olfactory information to the parasitoid, whereas chemicals

involved in host location, once the parasitoid reaches the microhabitat of its hosts, appear

to operate at short range and may originate from the host itself and from its by-products.

The parasitoid must first choose a habitat and then search within that habitat for the host

(Vinson, 1976). Identification of the parasitoid's habitat preferences is an important
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predictor of the ecological host range (Rutledge and Wieldenmann, 1999). Researchers

could target more effectively a host species by finding a parasitoid species that has a

preference for the habitat of the host.

1.5 OBJECTIVES

1.5.1 General objective

To evaluate the relative adaptation of SIX indigenous trichogrammatid

species/strains to different temperature and humidity regimes as well as their relative

preferences to different hosts and host plants.

1.5.2 Specific objectives

(i) To determine and compare the functional responses among six indigenous

trichogrammatid species/strains to varying host numbers, under different

regimes of temperature and relative humidity

(ii) To evaluate the effect of temperature and relative humidity on parasitism,

adult longevity, progeny production and sex ratio of six indigenous

trichogrammatid species/strains and select the better adapted strains for

augmentative control of H. armigera.

(iii) To investigate the effect of temperature and relative humidity on the

development and population growth of six indigenous trichogrammatid

parasitoid strains so as to assess their climatic adaptability.

(iv) To investigate the relative preference of six trichogrammatid species/strains

for the target pest, Helicoverpa armigera and its suitability in comparison to

other lepidopteran hosts.
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(v) To determine the relative preference among trichogrammatid egg parasitoid

species/strains for H. armigera, when occurring on two host plants, tomato

and okra.

1.6 Hypotheses

(i) There is no natural variability between and within the indigenous trichogramrnatid

species/strains for adaptation to different temperature and humidity regimes.

(ii) The potential of the trichogrammatid species/strains to parasitise H. armigera is

not dependent upon their host range.

(iii) The performance (percentage egg parasitism) of the trichogramrnatid

species/strains is not dependent on the host crop.
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CHAPTER TWO

2.0. GENERAL MATERIALS AND METHODS

2.1 Rearing of Trichogramma in the Laboratory

Trichogramma can be reared in the laboratory using eggs of the rice meal moth,

Corcyra cephalonica Stain ton (Lepidoptera: PyraIidae), the Angoumois grain moth,

Sitotroga cerealella OIiver (Lepidoptera: Gelechidae) and the Mediterranean flour moth,

Ephestia kuehniella Zeller (Lepidoptera: PyraIidae) that occur commonly as stored

product pests in different parts of the world. At the International Centre of Insect

Physiology and Ecology (ICIPE), Nairobi, Kenya, the rice meal moth, Corcyra

cephalonica was used to rear the egg parasitoids. The parent generation of egg parasitoids

recovered from H. armigera from the field were offered freshly laid eggs of C.

cephalonica on a card to parasitise and were fed on a diet comprising of a mixture of

65% honey, 1% gelatine and 33% distilled water prepared on white "Xerox" paper.

Fresh host eggs of C. cephalonica were radiated with ultraviolet rays (15 volts

UV-lamp) for one hour at a distance of 15 cm prior to their use. Sterilisation of the host

eggs is necessary to prevent host larvae from emerging from unparasitised eggs and

feeding on the parasitised eggs. After parasitism, eggs were transferred into clean glass

vials measuring 2.5 cm diameter by 7.5 cm height to await emergence. Cotton wool was

used to cover the glass vials. Upon emergence, the parasitoids were given fresh host eggs

and they were fed continuously for maintainance.

The room temperature was maintained at 27±2°C using a portable room heater and

70±1O% relative humidity with a photoperiod of I2L: I2D.
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2.2. Trichogrammatid species/strains used in the study

The origin of the six species/strains of the native Trichogramma and

Trichogrammatoidea used in the study are presented in Table 2. They were collected

from low (L), medium (M) and high (H) altitude locations « 700, 700-1200 m, > 1200

rn, respectively) in Kenya. They were identified by J.c. Monje at the Institute of

Phytomedicine, University of Hohenheim (Germany). The trichogrammatids were reared

at the International Centre of Insect Physiology and Ecology, Nairobi, Kenya on the rice

moth, C. cephalonica Stainton (Lepidoptera: Pyralidae). The individuals used were from

isofemale lines established from progeny of a single female. Approximately equal

numbers of siblings were used to start each colony. All the six species/strains were

recoveries from natural parasitisation on H. armigera eggs.

At the time of the experiment, T. sp. or. mwanzai (M) and T. sp. or. lutea (M) had

each been in culture for 6 generations; T. sp. nr. lutea (L) and T. sp. nr. lutea (H) for 24,

while T. bruni (H) and T. sp. or. mwanzai (L) had been reared for 15 and 106 generations,

respectively. The six strains (three of each of the genera Trichogramma and

Trichogrammatoidea) were selected for their high life time fecundity among accessions

from the same altitudes. The factitious host C. cephalonica was used instead of the target

host H. armigera because of ease of rearing. Previous work by Muholo (2002) had shown

that the two hosts were equally suitable for rearing the six candidate species/strains.
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Table 2. Source of the six indigenous Kenyan trichogrammatid species used in the study.

Taxon name Site of Latitude Longitude Elevation Min-Max Host
collection (m above temperature plant

sea level) range (OC)
Trichogramma sp. Muhaka 04° 19' 39° 30' 40 23.2-32.6 Pigeon
nr. mwanzai (L) 18.1" S 24.3" E pea
Trichogrammatoidea Muhaka 04° 19' 39° 30' 40 23.2-32.6 Tomato
sp. nr. lutea (L) 18.1" S 24.3" E
Trichogrammatoidea Kwachai 02° 23' 038° 00' 930 16.7-29.3 Tomato
sp. nr. lutea (M) 166" S, 319" E
Trichogramma sp. Mwea 00° 37' 0370 21 ' 1158 25-31.7 Tomato
nr. mwanzai (M) 464" S 801" E
Trichogrammatoidea Muguga 010 14' 0360 38' 2227 10.1-23 Tomato
sp. nr. lutea (H) 590" S 236" E
Trichogramma bruni Muguga 010 14' 0360 38' 2227 10.1-23 Tomato
(H) 590" S 236" E
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2.3. Temperature and relative humidity maintenance

The temperatures used in the study were 10, 15, 20, 25, 30 and 35°C at two

relative humidity regimes of 40-50 and 70-80%. These temperature regimes covered the

minimum and maximum that occur in most of the vegetable growing areas of Kenya

while the two humidities cut across altitudes and represent regimes between rainy and

non-rainy periods. Humidity was maintained according to procedures described by

Hodgman (1948). The recommended salts for regulating humidity levels were placed in a

container at the base of cages measuring 30 cm width x 30 cm diameter x 20 cm height.

Calciumchloride (0.5 kg) was used to maintain the 40-50% RH at the lower temperatures

(10, 15,20 and 25°C), while ammonium chloride (0.5 kg) was used for 70-80% RH. At

higher temperatures (30 and 35°C), ammonium chloride was used to maintain 40-50%

RHand cotton wool (soaked in 0.2 liters of water) to maintain the 70-80% RH. The cages

were kept closed and sealed with vaseline. A thermo-hygrorneter was placed inside the

cages to monitor both temperature and humidity levels. Humidities were checked

frequently and if required, adjustments were made by addition or removal of water from

the salts. The photoperiod in the incubator was set at 12:12 h (L: D).
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CHAPTER THREE

3.0. FUNCTIONAL RESPONSE OF INDIGENOUS TRICHOGRAMMATID EGG

PARASITOIDS AT DIFFERENT TEMPERATURE AND HUMIDITY REGIMES

3.1. Introduction

The African bollworrn, Helicoverpa armigera, is an injurious pest of several

agricultural crops in Africa (Karel, 1985; van den Berg et al., 1993). In tomatoes in

Kenya, it can cause substantial direct and indirect damage leading to losses in quality and

quantity amounting to 24% (ICIPE, 1997).

Trichogrammatid egg parasitoids are the most promising biological control agents for

inundative releases against lepidopterous pests (Alba, 1990; Singh and Jalali, 1994) and

for augmentative biocontrol of H. armigera in Africa (Sithanantham et al., 2001). The

development of an efficient biological control program with egg parasitoids must involve

selection of strains with high efficiency against a target pest, in a given environment

(Pak, 1988; Hassan, 1994). Climatic adaptation is one important criterion for selecting

potential biological control agents (van Lenteren, 1986). Field-testing of natural enemies

for selection for climatic adaptation can be very time consuming, especially if several

candidates are involved. Hence, laboratory and screenhouse studies are useful for

choosing a suitable candidate (Pak and van Lenteren, 1988). According to Hommay et al.

(2002), Trichogramma strains, which are generally well adapted to the local conditions,

are the favoured option for biological control of pests.

Among the biological characteristics, searching ability, fecundity, longevity and

sex ratio are commonly used for assessing the potential efficacy of a parasitoid.
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Trichogramma, are particularly suitable for use as a 'biotic pesticide' in inundative

systems(van Lenteren, 1983) and the number of host eggs successfully parasitised by the

adult female parasitoid (fecundity) after release in the field, is the key attribute for

selecting species/strains. Ballal and Singh (2003) evaluated the effectiveness of three

species of Trichogramma based on fecundity. Pak and van Lenteren (1988) reported that

strains that showed a high potential in the laboratory also had the ability to perform well

in the field, whereas Silva et al. (2000) and Thomson and Hoffman (2002) found no

strongrelationship between laboratory and field performance.

An important attribute in evaluating the efficiency of a natural enemy is the attack

rate across a range of densities of the host, i.e., its functional response (Berryrnan, 1999).

According to Hassell (1982), Houck and Strauss (1985), and Walde and Murdoch (1988),

functional response is key to understanding host-parasitoid dynamics. Holling (1959)

described three types of functional response. Type I response describes a linear

relationship between the attack rate and host density, where the slope is the parasitoids

searching efficiency, which levels off to a plateau when it reaches the maximum attack

rate. The type II response is an asymptotic curve that decelerates constantly as host

density increases due to the time it takes for the parasitoid to manipulate the host (i.e. the

handling time). The asymptote reflects the maximum attack rate. A sigmoid curve is

defined as a type III response, where, as host density increases, the response initially

accelerates due to the parasitoids becoming increasingly efficient at finding hosts (attack

rate increases or handling time decreases) and then levels off under the influence of

handling time or satiation (Berryman, 1999; Hassell, 2000).
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The generality that weather sets the limits for tritrophic interactions among

poikilotherms and influences the level of control that natural enemies exert is well

accepted in biological control (Huffaker et a!., 1971). Lack of success in biological

control programs has often been attributed to high mortality of natural enemies due to

climatic extremes. The outstanding success of Trichogramma evanescens Westwood to

control the Asian corn borer, Ostrinia Jurnacalis Guenee in the Island of Mindanaw,

Philippines, was partly attributed to agreeable climatic conditions (high humidity and

moderate temperature) (Tran and Hassan, 1986; Tran et al., 1986). Conversely, releases

of both wild and mass-reared Psyttalia concolor (Szepligeti), a larval parasitoid of

tephritids, failed in some parts of Italy (Raspi and Loni, 1994), possibly due to poor

temperature adaptation (Fenili and Pegazzano, 1971).

The present study aimed at comparing the functional responses among six indigenous

trichogrammatid species/strains to varying host numbers, under different regimes of

temperature and relative humidity.

3.2. Materials and Methods

Six trichogrammatid species/strains were used in this study (Table 2 in chapter 2).

3.2.1. Bioassay

Five host egg densities (6, 12, 18,24 and 30 eggs, per adult parasitoid) were used

in the tests. For each host density, eggs were placed on a card, using diluted adhesive

gum. Single one-day-old mated, naive female parasitoids of each of the species/strains

were introduced into glass vials (2.5cm diameter x 7.5 cm height) and provided with

minute streaks of honey solution (200ml honey: 100ml distilled water: 3g gelatin) as

feed. Ten replicates were conducted for each parasitoid species/strain and egg density.
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The egg card was inserted into a glass vial, which was placed in a cage maintained at a

specific relative humidity, and then in an incubator at a set temperature (±lOC). The

temperature and humidity levels used in this study and details of their maintenance are

presented in chapter two.

The adult parasitoids and eggs were held at the temperatures/humidity regimes for

8 hours. After 8 hours, the parasitoid wasps were killed and the egg cards kept at 25±2°C

and 60-70% RH. Since selection for inundative release was the objective of this study,

the primary attribute studied was the number of host eggs parasitised in unit time, across

the temperature and humidity regimes. Determination of the number of host eggs

parasitised was based on the numbers of host eggs that turned black after 2-3 days as per

the procedure of Strand (1986). The parasitisation (attack) rate was calculated as the ratio

of the number of hosts parasitised per unit time to the number availed.

3.2.2. Data analysis

The number of eggs parasitised by the species/ strains at different temperature and

relative humidity regimes and under different host densities was compared by analysis of

variance (ANOVA) using the PROC GLM procedure of SAS (SAS Institute, 2000). Data

on numbers of eggs parasitised were log (x+ 1) transformed before being subjected to the

analysis (Sokal and Rohlf, 1981). When ANOV As were significant, means were

separated using the Student Newman Keul's (SNK) test (Zar, 1996).

Polynomial trends were used to determine the optimum temperatures for the performance

of each species/strains. In addition to linear regressions, three non-linear mathematical

KENV Lt
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models(equations 1-3) were fitted to the data on the number of eggs parasitised at each

of the host densities (Trexler et al., 1988).

Na= N (l-exp (-a I))-----------------------------------( 1)

N,= N (l-exp (a I/N) )-----------------------------------(2)

Na=a lI( 1+a-exp (-a3/N) )-------------------------------(3)

N, is the number of host eggs parasitised; N is the number of host eggs available and ai,

a2,and a, are estimated parameters. Equation 1 generates type I curves (Nicholson and

Bailey, 1935), equation 2 produces type 11curves (Thompson, 1924) while equation 3 is a

logistic equation. The equations were fitted with non-linear regression (Levenberg-

Marquardt method). The coefficient of determination of the response curves, which

estimates the proportion of variance of the number of hosts parasitised, was used to

measure the degree of fit.

3.3. Results

Temperature levels, host egg densities as well as strains significantly affected the

number of eggs parasitised (F = 197.4; df= 5,3138; P < 0.0001; F = 130.1; df= 4,3138; P

< 0.0001 and F = 29.9; df= 5,3138; P < 0.0001 respectively). The two relative humidity

levels tested did not significantly affect the number of eggs parasitised nor the strain

performance (F = 1.83; df= 1,3138; P = 0.1764 and F = 1.63; df= 5,3138; P = 0.1491,

respectively); their interaction with temperature also did not affect parasitism (F = 0.6; df

-= 5,3138; P = 0.6995).
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Sincehumidity had no significant effect on the number of eggs parasitised, the data were,

pooled for subsequent analyses. For most species/strains, the number of eggs parasitised

increased with host density (Figure 3.1).

For all species/strains, a 3rd order polynomial function gave the best fit of

parasitisation rates on temperature with a maximum parasitism around 30°C (Table 3.1).

Significant differences in parasitisation rates between the strains were observed at the

different temperature levels (Figure 3.2). There were no clear trends across temperature

in differences in parasitisation rates between species/strains except for T. bruni (H),

which tended to have the lowest rates under most temperature regimes.

At lOoe, the sigmoid model gave the best fit for three of the strains (Table 3.2). At the

other temperatures, except for T. sp. nr. mwanzai (M) at ISoC, the Nicholson-Bailey

model gave the best fit. At so-c, the linear model also gave a good fit for most strains

(Table 3.2).
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Table3.1. Best-fit 3rd degree polynomial functions and optimum temperatures.

Species/strain Function R2 Optimum

temperature

(OC)

T.sp. nr. mwanzai (L) y = -0.000 Ix3+O.008x2-0. 13x+0.7 0.95 30

T. sp. nr. mwanzai (M) y = -0.000Ix3+O.OO9x2+O.16x+0.9 0.99 30

T. sp. nr. lutea (M) y = -0.0002x3+O.02x2 -0.32x+ 1.9 0.97 30

T. sp. nr. lutea (L) y = -0.0002x3+O.Olx2-O.2x+1.3 0.92 30

T.sp. nr. lutea (H) y = -0.0002x3+O.Olx2 -0.2x+ 1.1 0.95 30

T.bruni (H) y = -0.000Ix3+O.Olx2-O.16x+0.9 0.98 30
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Fig. 3.1. Mean number of eggs parasitised by six species/strains at each host density at
six constant temperatures.
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Table 3.2. Results of linear and non-linear functional response curve fits for six strains at
different temperatures.

Temperature Species/strain Descriptive Equation R2
(0C) model
10 T. sp. nr. mwanzai (L) Sigmoid Na=I.II(l + 15.8exp(0.2N)) 0.49

T. sp. nr. mwanzai (M) Linear y = 0.03x 0.18
T. sp. nr. lutea (M) Thompson Na=N (l-exp (-1.7/N)) 0.29

T. sp. nr. lutea (L) Sigmoid Na=1.75/(l+exp (-1.6N)) 0.77
T. sp. nr. lutea (H) Nichol-Bailey N, = N (l-exp (-0.06) 0.72
T. bruni (H) Sigmoid Na=I.l/(l +27.6exp(-0.IN)) 0.77

15 T. sp. nr. mwanzai (L) Nichol- Bailey N, = N (l-exp (-0.11) 0.82
T. sp. nr. mwanzai (M) Linear y = 0.02x 0.03
T. sp. nr. lutea (M) Nichol-Bailey Na= N (l-exp (-0.03) 0.59
T. sp. nr. lutea (L) Nichol-Bailey N;> N (l-exp (-0.07) 0.83
T. sp. nr. lutea (H) Nichol-Bailey N;> N (l-exp (-0.09) 0.82
T. bruni (H) Nichol-Bailey Na=N (l-exp (-0.002) 0.56

20 T. sp. nr. mwanzai (L) Nichol-Bailey N, = N (l-exp (-0.24) 0.90
T. sp. nr. mwanzai (M) Nichol-Bailey Na= N (I-exp (-0.16) 0.97
T. sp. nr. lutea (M) Thompson Na=N (l-exp (-1.8/N)) 0.22
T. sp. nr. lutea (L) Nichol-Bailey Na=N(I-exp(-O.I) 0.46
T. sp. nr. lutea (H) Nichol-Bailey Na= N (l-exp (-0.12) 0.69
T. bruni (H) Nichol-Bailey Na = N (l-exp (-0.06) 0.76

25 T. sp. nr. mwanzai (L) Nichol-Bailey Na=N (I-exp (-0.33) 0.92
T. sp. nr. mwanzai (M) Sigmoid Na=-379/(I-92exp(0.09N)) 0.99
T. sp. nr. lutea (M) Nichol-Bailey Na= N (l-exp (-0.36) 0.99
T. sp. nr. lutea (L) Nichol-Bailey N;> N (I-exp (-0.26) 0.85
T. sp. nr. lutea (H) Nichol- Bailey N;> N (l-exp (-0.39) 0.95
T. bruni (H) Nichol-Bailey Na= N (I-exp (-0.39) 0.95

30 T. sp. nr. mwanzai (L) Nichol-Bailey Na = N (I-exp (-0.5) 0.98
Linear y = 0.51x 0.79

T. sp. nr. mwanzai (M) Nichol-Bailey N;> N (l-exp (-0.44) 0.99
Linear y = 0.44x 0.70

T. sp. nr. lutea (M) Nichol-Bailey Na= N (l-exp (-0.5) 0.97
Linear y =0.5x 0.82

T. sp. nr. lutea (L) Nichol-Bailey Na=N (I-exp (-0.48) 0.96
Linear y =0.41x 0.71

T. sp. nr. lutea (H) Nichol-Bailey N, = N (l-exp (-0.44) 0.98
Linear y = 0.44x 0.72

T. bruni (H) Nichol-Bailey Na= N (l-exp (-0.24) 0.85
35 T. sp. nr. mwanzai (L) Nichol-Bailey N, = N (l-exp (-0.3) 0.99

T. sp. nr. mwanzai (M) Nichol-Bailey N, = N (I-exp (-0.4) 0.94
Linear y = O.4x 0.74

T. sp. nr. lutea (M) Nichol-Bailey Na=N (l-exp (-0.3) 0.79
T. sp. nr. lutea (L) Nichol-Bailey Na=N (l-exp (-0.19) 0.81
T. sp. nr. lutea (H) Nichol-Bailey Na= N (I-exp (-0.39) 0.96
T. bruni (H) Nichol-Bailey Na= N (l-exp (-0.1) 0.75
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3.4. Discussion

The present study showed that temperature had a significant effect on the

functional response of the egg parasitoids tested, while the two relative humidity levels

did not. For all species/strains, the highest parasitism was obtained around 30°C. Similar

optimawere found for developmental rates for other African egg parasitoids reared under

constant temperatures (Chabi-Olaye et al., 1997, 2001a, 2004). For most species/strains

and at higher temperatures, the functional response was of type 1. Kfir (1983) found a

type II functional response for T. pretiosum Riley, while the parasitism of Heliothis zea

(Boddie) by Trichogramma spp. varied from inverse density-dependent to density-

dependent, depending on the distance between host eggs offered to wasps (Morrison et

al., 1980); for the Asian corn borer, a linear relationship was found (Shen and Li, 1987).

The differences in response between species/strains in the present study suggest

differences in adaptation to different temperature regimes and differences in host

searching abilities. Mohaghegh et al. (2001), Kfir (1983) and Wang and Ferro (1998)

found that the functional response of predators and parasitoids might change from one

type to another as environmental conditions (temperatures mainly) change. Such changes

may be due to effects on the foraging behaviour of the parasitoids (Quo, 1986; Zhang et

al., 1983). In the present study, type I response was most common, followed by type Ill,

while type II was rare. Although a parasitoid with a linear response does not exhibit the

theoretical potential for the control of the host, as would be a parasitoid with a sigmoid

(type Ill) functional response (Hassell et al., 1977; Hassell, 1978; Luck, 1985), the

presence of a linear response is important for the continued interaction of the host and

parasitoid. According to Klomp et al. (1980), Trichogramma spp. possibly possess a
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learning ability to discriminate between parasitised and unparasitised eggs, which may

result in the type III response. The type III functional response can lead to density

dependence, when host densities are low and thus can potentially stabilize host-parasitoid

interactions (Berryman, 1999; Bemstein, 2000). According to Femandez and Carley

(2003), a type III response can also stabilize a Nicholson-Bailey type host-parasitoid

system and a parasitoid expressing such response may potentially regulate the host

population. In the present study, a relationship between the functional response of the

strains and the temperature at the original location could not be clearly established. Some

strains showed greater plasticity in their ability to perform at different temperatures

regardless of their source climatic conditions. For example, although T. sp. nr. lutea (H)

was collected from the high altitude site (2227m), where temperatures are mostly

between 10 and 23°C, it showed higher parasitism at temperatures between 30-35°C than

some strains collected from warmer areas. This suggests that this strain has a superior and

more plastic tendency for warm temperature adaptation than the others.

At high temperatures of 30 and 35°C, Trichogrammatoidea sp. nr. lutea (H), T.

sp. nr. mwanzai (L) and T. sp. nr. mwanzai (M) were superior to the other species/strains.

The prevalence of type I responses showed that the parasitoids were able to find and

attack hosts even at the lowest host density, which indicates a high searching ability of

the parasitoids. Such a candidate may be able to persist in the field and thus, may have

the potential to prevent increases of the host population before economic damage occurs

(Wiedenmann and Smith, 1993).

Functional response studies in the laboratory have been criticised as being unnatural

(Kareiva, 1990), because of differences in the areas where parasitoids have to search to



43

findhosts (O'Neil, 1989). Such studies are, however, useful in providing the first step for

comparingthe efficiency of different species/strains (Overholt and Smith, 1990) and also

provide a valid means of comparing host finding abilities of the candidate natural

enemies(Munyaneza and Obrycki, 1997).

In conclusion, T. sp. nr. lutea (H), T. sp. nr. mwanzai (L) and T. sp. nr. mwanzai (M)

were identified as promising candidates for augmentative programs for controlling H.

armigera in Kenya, based on the functional response studies.
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CHAPTER FOUR

4.0. PARASITISM CAPACITY, LONGEVITY AND PROGENY PRODUCTION

OF SIX TRICHOGRAMMA TID EGG PARASITOID SPECIES/SPECIES AT

DIFFERENT TEMPERATURE AND HUMIDITY REGIMES

4.1. Introduction

Egg parasitoids of the genus Trichogramma have been used as biological control

agents in a variety of agroecosystems (Hassan and Guo, 1991; Pinto and Stouthamer,

1994). They have been utilised successfully as inundative biological control agents

against a range of agricultural pests, mainly lepidopterans (Li, 1994; van Lenteren, 2000).

Although several species of Trichogrammatoidea spp. are considered to be important

natural enemies of agricultural pests in various parts of the world (Nagaraja, 1978),

information on their biology is limited.

The African boIlworm, H. armigera is a key pest of tomato in Kenya (Farrell et

aI., 1995) and an important constraint in the vegetable-based cropping systems in Africa

(lkin et al., 1993), where it is active throughout the year but often becomes more

important during warmer seasons. Several native trichogrammatid species occur in Kenya

and elsewhere in Africa on this pest (Sithanantham et al., 2001). For efficient use, a

choice of better-adapted species/strains based on a thorough understanding of their

biology is important.

The efficiency of parasitoids in the field is affected by adverse climatic conditions

(Gupta, 1956; Messenger, 1970). The ability of each species (and sometimes each

population) to cope with fluctuating environmental conditions in the target area is an
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important factor affecting their impact in field situations. According to Hassan (1994)

and Voegele (1988), indigenous trichogrammatids tend to be better adapted to local

climates, habitat and host conditions than exotic ones.

Performance indices are commonly used to select for desirable traits and utilise

such a diversity to improve the impact of beneficial organisms (Young, 1961).

Trichogramma spp. are particularly suitable for use as a 'biotic pesticide' through

inundative releases (van Lenteren, 1983) and the number of host eggs successfully

parasitised by the adult female parasitoid within her lifespan (fecundity) after release in

the field, is the key attribute for selecting species/strains. The performance of a parasitoid

in its intended role after release is an important attribute of its quality (Bigler, 1994;

Smith, 1996). Other life history traits (progeny production/sex ratio) are secondary and

are important only as efficiency parameters in mass production and hence of limited

importance in selecting for an inundative system.

In the present study, the effect of temperature and relative humidity on parasitism, adult

longevity, progeny production and sex ratio of six indigenous trichogrammatid

species/strains were evaluated to select the better adapted strains for augmentative control

of H. armigera. The study particularly aimed at finding strains better adapted to higher

temperatures (30-35°C), which are generally encountered in pest-prone areas/seasons.

4.2. Materials and Methods

The methodologies adopted were similar to those used by Liu and Smith (2000) in

comparing Trichogramma adults from accessions (inbred lines) assembled from surveys

of eggs of the target pest, Choristoneura fumiferana (Clemens) for their fecundity and
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longevity and the test candidates were reared for several generations on the factitious

host, Ephestia kuehniella Zeller. Trichogramma accessions were compared for their

parasitisation efficiency in the laboratory as the basis for identifying promising

candidates for field release for biocontrol of the target pest. Information about the six

species/strains of Trichogramma and Trichogrammatoidea used in this study is shown in

Table 2 (chapter two).

4.2.1. Bioassay

Freshly emerged one-day-old mated females were individually confined in glass vials

(2.5 cm x 7.5 cm) and were provided with fine streaks of 10% honey solution. Ten

females per strain were used as replicates for each temperature/humidity regime. The

glass vials were placed inside a Perspex cage (30 cm width x 30 cm diameter x 20 cm

height) maintained at a specific relative humidity and at a set temperature (±1°C) for 24

hours. The temperatures and humidities used in this study and details of their

maintenance are presented in chapter two (sub-section 2.3).

Eggs of C. cephalonica were provided at libitum (30 per day) in a card and were

replaced daily with fresh ones. To determine the number of host eggs parasitised, the

number of black eggs was counted after 2-3 days (Strand, 1986), under a dissecting

compound microscope (magnification x 16). Upon emergence, sex ratio (proportion of

females in progeny) was also determined. Longevity of adult parasitoids was determined

by checking survival of parental females once a day. Trends in survivorship were

determined according to Pearl (1928).
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4.2.2.Data analysis

Analysis of Variance (ANOVA) using the procedure mixed (Proc Mixed, SAS

Institute, 2000) was used to examine main effects (temperature, relative humidity and

strain)and their interactions on parasitism, progeny production, sex ratio as well as adult

longevity. To stabilise the variance, the data on numbers of eggs parasitised and adults

emergedwere log (x+ 1) transformed before being subjected to analysis (Sokal and Rohlf,

1981). When ANOVAs were significant, means were separated using the Student

Newman Keul's (SNK) test at P=0.05 (Zar, 1996). A correlation analysis was used to

examine the relationship between adult longevity and parasitism for the different strains.

4.3. Results

4.3.1. Parasitism

The interactions of temperature, relative humidity and strain affected the number

of eggs parasitised (Table 4.1). At 70-80% RH, differences in the number of eggs

parasitised were observed between strains at all temperatures, except at 30°C (Table 4.2).

At ro-e, T. sp. nr. mwanzai (M) parasitised more eggs than T. bruni (H). Whereas T. sp.

nr. mwanzai (M), T. sp. nr. lutea (M) and T. sp. nr. mwanzai (L) parasitised more eggs

than T. sp. nr. lutea (H) at 15°e, T. sp. nr. mwanzai (L) parasitised more eggs than T. sp.

nr. lutea (L). Trichogrammatoidea sp. nr. lutea (L) also parasitised more eggs than T. sp.

nr. lutea (H). At zo-c, T. sp. nr. lutea (H) parasitised more eggs than T. sp. nr. lutea (L),

T. sp. nr. mwanzai (L) and T. bruni (H), while at 35°C, T. sp. nr. mwanzai (L) parasitised

the highest number of eggs. Additionally, T. sp. nr. mwanzai (M) parasitised more eggs
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than T. sp. nr. lutea (L), T. sp. nr. lutea (H) and T. bruni (H). Trichogrammatoidea sp. nr.

lutea (M) also parasitised more eggs than T. sp. nr. lutea (H) and T. bruni (H).

At 40-S0%RH, there were no differences between strains at 10 and zo-c, whereas

at 15°C, T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M) parasitised more eggs than T. sp.

nr. lutea (H) and T. bruni (H) (Table 4.3). At zs-c, T. sp. nr. lutea (M) parasitised more

eggs than T. bruni (H) and at so-e. T. sp. nr. mwanzai (M) parasitised more eggs than T.

bruni (H). At ss-c. T. sp. nr. mwanzai (M) parasitised more eggs than T. sp. nr. lutea (H)

and T. bruni (H).

Generally, the number of eggs parasitised by most strains at the two humidity

levels increased with increasing temperature to a maximum at 30°C.

Parasitism by most strains did not differ between the two relative humidity levels at most

temperature regimes. Whereas parasitism was higher at the lower humidity for T. sp. nr.

lutea (L) and T. sp. nr. mwanzai (L) at 20oe, T. sp. nr. lutea (H) at 3Soe and T. sp. nr.

mwanzai (M) at se-c, it was higher at the higher humidity for T. sp. nr. mwanzai (L) at

25 and 35°e, T. sp. nr. lutea (H) at lOoe and T. sp. nr. mwanzai (M) at 10 and zs-c.

4.3.2. Progeny production

Progeny production was similarly significantly affected by the interaction of

temperature, humidity and strain (Table 4.4). In general, progeny production at the two

humidity levels increased with increasing temperature, following the same pattern as the

number of eggs parasitised with respect to temperature (Figure 4.1).

- _a •••• _ ".~\I I 'DD Q
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4.3.3.Sex ratio

Sex ratio was affected by the interactions of temperature and strain (F = 1.6; df =

25,472; P = 0.03). Since humidity had no affect on sex ratio (F = 0.4; df = 5,472; P =

0.5),the data were, pooled for subsequent analyses.

Differences in sex ratio were only observed between strains at 20, 25 and 300e (P <

0,05). Across all temperatures, there was no clear relationship between temperature and

progeny sex ratio for the majority ofthe trichogrammatid strains studied (Figure 4.2).

4.3.4.Adult longevity

The longevity of adult parasitoids was significantly influenced by temperature,

relative humidity and strain (F = 138.69; df= 5,648; P < 0.0001, F = 28.6; df= 1,648; P <

0.0001 and F = 6.09; df = 5,648; P < 0.0001, respectively). The interactions of

temperature and relative humidity (F = 10.32; df = 5, 648; P < 0.0001), temperature and

strain (F = 1.87; df = 25,648; P = 0.0066) as well as relative humidity and strain (F =

4.68; d f= 5,648; P = 0.0003) also affected adult longevity.

At 70-80%RH, significant differences in longevity were observed between strains

at 10and 15°e (Table 4.5). Whereas Trichogramma bruni (H) lived longer than T. sp. nr.

lutea (M) at ro-e, T. sp. nr. mwanzai (M) lived longer than T. sp. nr. lutea (M) at 15°C.

There were no significant differences in longevity between strains at 20,25,30 and 35°C.

Adult longevity also varied between temperatures for the different strains.

At 40-50%RH, adult longevity did not differ significantly between the strains at 10, 15

and 20°C while differences were observed at 25, 30 and 35°e (Table 4.6). Whereas T. sp.

nr. mwanzai (L), T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M) lived longer than T.
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bruni (H) at 2SoC, T. sp .nr. lutea (L) and T. sp. m. mwanzai (M) lived longer than T. sp.

nr. mwanzai (L) and T. bruni (H) at 30°C. Trichogramma sp. nr. mwanzai (L) lived

longer than T. bruni (H) at 3SoC. Adult longevity at 40-S0%RH also varied between

temperatures for the different strains. Generally, there was an inverse relationship

between adult longevity and temperature.

For T. sp. Of. lutea (L), adult longevity did not differ significantly between the

two relative humidity regimes at most temperature regimes, but was longer at the lower

humidity than higher humidity at 20°C. Trichogramma sp. m. mwanzai (L) lived longer

at 40-50%RH at 20, 25 and 35°C. Whereas Trichogrammatoidea sp. m. lutea (H) lived

longer at 20 and 30°C at 40-S0%RH, T. bruni (H) lived longer at 10 and is-c at 70-

80%RH. Trichogramma sp. m. mwanzai CM) lived longer at 40-S0%RH than at 70-

80%RH at 20, 25 and 30°C. Trichogrammatoidea sp. m. lutea (M) lived longer at 40-

50%RH at 20 and 2S°C.

Longevity of adults was positively correlated with the total number of host eggs

parasitised by the various strains (r = 0.26; P = 0.004 for T. sp. Of. lutea (L), r = 0.48; P <

0.0001 for T. sp. Of. mwanzai CL),r = 0.3S; P < 0.0001 for T. sp. nr. lutea CH),r = 0.34; P

= 0.0002 for T. bruni CH), r = 0.33; P = 0.004 for T. sp. Of. mwanzai CM), r = 0.S4; P <

0.004 for T. sp. m. lutea (M), respectively).

The survival of the strains followed a type III survivorship curve at the higher

temperatures (30 and 3S0C) and a type I survivorship curve at the lower temperatures

(Figure 4.3).
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Table4.1: Effects of temperature, relative humidity and strain on parasitism.

Source F df P

Temperature 221.7 5,648 < 0.0001

RH 1.2 1,648 0.28

Strain 36.9 5,648 < 0.0001

Temperature*RH 5.2 5,648 < 0.0001

Temperature*Strain 7.2 25,648 < 0.0001

RH*Strain 3.1 5,648 0.005

Temperature*RH* Strain 3.2 25,648 < 0.0001



Table 4.2: Parasitism capacity of six trichogrammatid strains at six constant temperatures at 70-80%RH.

Temperature T. sp. nr. T. sp. nr. T. sp. nr. T. bruni
(QC) lutea (L) mwanzai lutea (H) (H)

(L)

T. sp. nr. T. sp. nr. F
mwanzai lutea (M)
(M)

df p

10 0.03

15

0.2± O.lab
C
0.8± 0.3b
C

20 2.4± 0.6b
BC
9.3± 1.1a
A
12.5± 1.8a
A
4.3±
1.1abc
B

25

30

35

0.3± 0.2ab
C
2.2±0.4a
C

2.0± 0.7b
C
9.4± LOa
B
7.5± 2.0a
B
19.8± LSe
A

0.4± 0.2ab
B
0.7± O.4c
B

5.5± 0.6a
A
7.2± LOa
A
8.8± 1.9a
A
0.6± 1.2ab
B

0.2±0.lb
D
0.9±
0.3abc
CD
1.2 ±0.6b
BC
2.7 ±1.0b
AB
5.0± 2.0a
A
Oa
BCD

0.8± 0.2a
D
2.2± 0.3ab
C

4.6± 0.7ab
B
9.4± LOa
A
8.6± 2.0a
A
10.7± 1.6d
A

0.2± 0.2ab
C
2.0± O.4ab
C

3.0± 0.7ab
BC
1O.6± LOa
A
12.l± 1.9a
A
8.3 ±1.6cd
AB

2.51 5,54

5.06 5,54

5.13 5,54

8.19 5,54

2.23

17.5

5,54

5,54

0.0007

0.0006

< 0.0001

0.06

< 0.0001

F 41.9 41.5 25.1 10 44.4 17
df 5,54 5,54 5,54 5,54 5,54 5,54
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each
column are not significantly different at P=0.05 (SNK).



Table 4.3: Parasitism capacity of six trichogrammatid strains at six constant temperatures at 40-50%RH.

Temperature T. sp. nr. T. sp. nr. T. sp. nr. T.
(QC) lutea (L) mwanzai lutea (H) (H)

bruni T. sp. nr. T. sp. nr. F
mwanzai lutea (M)

df P

(L) (M)
10 0.2± O.la 0.2± O.la 0.1± O.la O.O±O.la 0.2± O.1a 0.2± O.la 004 5,54 0.86

D B D C D C
15 1A± OAab 1.8± OAab 1.1± OAb 1.1± OAb 2.7± OAa 3.1± 0.5a 3.9 5,54 0.005

CD B CD BC C B
20 4.1± 0.6a 4.3± 0.6a 3.9± 0.6a 2.7± 0.7a 3.9± 0.6a 4.5 ±0.6a 1.1 5,54 004

BC A B AB C B
25 7.3± 1.0ab 6A± 0.9ab 6.3± 1.1ab 2.9± 1.2b 6.7± 0.9ab 8.3± 1.0a 2.7 5,54 0.03

AB A AB AB B A
30 9.8± 1.3ab 7.1 ±1.7ab 8.5± 1.4ab 5.8 ±1.7b 13A± 1.3a 10.3 ±lA ab 3.3 5,54 0.01

A A A A A
35 6.7± 6.0 ±1.0abc 4.0± 1.2ab Oa 13.3± 0.7c 6.2 ±1.4abc 4.8 5,54 0.0007

1.6abc A BC BC A AB
AB

F 10.7 19.5 15.8 7.8 66 24.6
df 5,54 5,54 5,54 5,54 5,54 5,54
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each
column are not significantly different at P=0.05 (SNK test).
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Table4.4: Effects oftemperature, relative humidity and strain on progeny production.

Source F df P

Temperature 213.2 5,648 < 0.0001

RH 3.6 1,648 0.06

Strain 27.0 5,648 < 0.0001

Temperature*RH 6.8 5,648 < 0.0001

Temperature*Strain 7.1 25,648 < 0.0001

RH*Strain 4.1 5,648 0.001

Temperature *RH *Strain 3.4 25,648 < 0.0001



Table 4.5. Adult longevity (days) of six trichogrammatid strains at different temperatures at 70-80% RH.

Temperature T. sp. nr. T. sp. nr. T. sp. nr. T.
(OC) lutea CL) mwanzai lutea (H) - (H)

bruni T. sp. nr. T. sp. nr. F
mwanzai lutea (M)

df p

(L) (M)
10 16.5±3.1ab 10.6±3ab

A A
15.1±2.5ab 17A±1.3a 15.5±2.8ab 8.1±3.0b
A A B AB

2.9 5,54 0.02

15 18A±4.2ab 14±2Aab 12.8±2.7ab 16.5±1.9ab 25.6±2Aa 12.7±3Ab 2A 5,54 0.045
A A AB A A A

20 10±1.9a 6.7±2.1a 9.6±1.7a 9.1±lAa 7.8±2.2a 6.1±1.2a 1.1 5,54 OA
AB AB AB B C ABC

25 5.7±1.5a 6.7±1.3a 6.5±1.3a 6±0.9a 7.2±la 5.8±1.2a 0.3 5,54 0.9
BC ABC BC B C ABC

30 4.2±0.9a 2A±0.3a 2.7±OAa 2.6±OAa 2A±0.3a 3.1±0.5a 1.5 5,54 0.2
BC BC C C CD BC

35 2.1±OAa 1.1±0.la 1.8±0.3a 1.2±0.la 1.5±0.3a 1.4±0.3a 2 5,54 0.1
C C C C D C

F 9.6 8.9 11.7 45.1 27.2 6.2
df 5,54 5,54 5,54 5,54 5,54 5,54
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each
column are not significantly different P=0.05 (SNK test).



Table 4.6. Adult longevity (days) of six trichogrammatid strains at different temperatures at 40-50% RH.

Temperature T. sp. nr. T. sp. nr. T. sp. nr. T. bruni
(OC) lutea (L) mwanzai lutea (H) (H)

T. sp. nr. T. sp. nr. F
mwanzai lutea (M)

df p

(L) (M)
10 1304±2.9a

AB
16.3±2.7a
A

16.5±304a
AB

8.6±l.6a
AB

19.3±3.1a
A

10.2±2.8a 2
AB

5,54 0.09

15 16.7±304a 15.7±3.7a 19.2±2.7a 10.9±l.7a 19.3±3.7a 10.9±2.7a 1.6 5,54 0.2
A A A A A AB

20 18.1±2a 15.2±2.7a 22.2±3.1a l1.3±l.6a 18.2±2.7a 17.2±2.7a 1.5 5,54 0.2
A A A A A A

25 9.2±l.7ab 15.1±l.9a 8.1±2.2ab 504±0.8b 13.2±1.7a 1204±2.1ab 3.9 5,54 0.004
AB A B BC AB A

30 5.9±0.7a 204±0.3b 404±0.5ab 2.9±0.5b 5.8±0.6a 4.2±004ab 704 5,54 < 0.0001
BC B C CD BC BC

35 1.5±0.3ab 2.6±0.3a 1.8±004ab l.Ob 1.8±0.3ab 1.5±0.3ab 3.8 5,54 0.005
CBe D C C

F 11 12.7 15.1 18.3 15.5 8.8
df 5,54 5,54 5,54 5,54 5,54 5,54
P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each
column are not significantly different P=0.05 (SNK test).
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4.5.Discussion

The effectiveness of released parasitoids to control target pests in biological

control programmes may be attributed to many factors, but among the most important is

lack of adaptation of a species/strain to climatic conditions (DeBach, 1965). Besides, it is

important to determine a parasitoid's impact on its host in field conditions, which may be

affected by biotic and abiotic factors in the agroecosystem. In the case of Trichogramma,

it is possible to identify inherent variations in diversity and so select among their

populations for distinct biological responses (Bleicher and Parra, 1990). Abraham (1970)

observed racial differences in Trichogramma australicum Girault and identified strains

that were more adapted to warmer temperature regimes.

In the present study, temperature was the most important factor influencing

parasitoid performance. The significant interaction between temperature and humidity,

however, implies that to achieve high efficacy, not only temperature but also relative

humidity should be considered. Parasitism increased with increasing temperature,

regardless of the humidity level, although it was low and not significantly different

between strains at the lowest temperature (lOOC). At 15°C, T. sp. nr. mwanzai (M), T. sp.

nr. mwanzai CL) and T. sp. nr. lutea CM) showed a higher parasitic activity than the other

three species/strains, suggesting better performance in cooler environments. These three

strains, originated from warmer areas, but showed better performance at low

temperatures than the populations collected from cooler areas, which further suggests that

they are more broadly adapted.

Trichogramma sp. nr. mwanzai (M), T. sp. nr. lutea (M) and T. sp. nr. mwanzai (L) were

better suited to performance at high temperatures, hence could be expected to perform
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well in warmer areas. Conversely, Trichogramma bruni (H) was unable to parasitise at

35°C, suggesting poor performance at such warmer temperatures. This strain originated

from high altitude, where mean monthly temperatures are low (10-23°C), and was

apparently not well suited to the higher temperature regimes. Trichogramma sp. nr.

mwanzai (L) performed better than other species/strains, which may have been related to

its history of laboratory rearing. This taxon was reared much longer than the other

species/strains, and thus may have been inadvertently selected to perform well under

laboratory conditions. However, since all the species/strains were stringently reared

continuously as isofemale lines, there was little chance of adaptation to the laboratory

environment suggesting therefore that T. sp. nr. mwanzai (L) may be intrinsically

supenor.

Progeny production followed a similar trend as parasitism across the different

temperature and humidity regimes. Ochiel (1989) observed significant effect of

temperature on progeny production on T. sp. nr, exiguum when tested at 18 and 30°C. In

the present study, T. sp. nr. mwanzai (L), T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M),

produced higher progeny at the higher temperatures and thus may be good candidates for

deploying in the warmer areas of Kenya. Park et al. (2000) found that emergence of

Trichogramma dendrolimi was lower at higher (30-32°C) as well as at lower

temperatures (26°C) but was highest at 28°C. In the present study, apparently because of

the higher parasitism and progeny production, the optimum temperature for the candidate

species/strains was found to be around 30°C.

There was no clear relationship between sex ratio and temperature for most

species/strains at the two humidity levels. Similarly, Lund (1934) found no consistent
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relationship between temperature and sex ratio for Trichogramma minutum. Ochiel

(1989) also reported no significant difference in sex ratio for T. sp. nr. exiguum with

temperature. Harrison et at. (1985), however, reported that temperature affected the sex

ratio of Trichogramma exiguum and Trichogramma pretiosum, with females slightly less

abundant at lower and upper developmental temperatures. A similar trend has been

reported by Haile et at. (2002a) for Trichogramma sp. nr. mwanzai in Kenya. The present

results, however, showed that temperature affected the sex ratio of some strains, but not

all.

Generally, there was an inverse relationship between longevity and temperature.

Similarly, Harrison et al. (1985) found that the longevity for T. exiguum Pinto and Platner

and T. pretiosum Riley significantly decreased with increase in temperature (15-30°C).

The same trend has also been reported by Yu et al. (1984) for T. minutum Riley. The

differences observed in longevity between strains within the different temperatures and

humidity levels are suggestive of differences in adaptation to environmental conditions.

The ability of a parasitoid to perform in a particular agro-ecosystem is a critical factor in

evaluating the potential of a parasitoid as a natural enemy (Till man and Powell, 1991). It

is therefore important that the choice of the strain should be made on the basis of the

climatic conditions of the area of release.

Different researchers have used different biological attributes in evaluating

Trichogramma performance. Hirashima et al. (1990) used adult longevity to compare the

potential of two Trichogramma species in which Trichogramma chilonis Ishii was

superior (5 days) compared to Trichogramma ostriniae Pang and Ch en (4.6 days). Hassan

and Guo (1991) selected appropriate Trichogramma species to control the European corn
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borer, Ostrinia nubilalis Hubner, on the basis of their fertility. It is, however, essential

that longevity be matched by greater fecundity, if a generational response is desired. The

two attributes were found in T. sp. nr. mwanzai (L), T. sp. nr. mwanzai (M) and T. sp. nr.

lutea (M) in the present study. The existence of a positive correlation between the daily

fecundity and adult longevity by the species/strains suggests good performance. Because

H. armigera and C. cephalonica are equally suitable hosts (Muholo, 2002), the three

strains are potentially useful for the control of H. armigera. Bourchier and Smith (1996)

and Dutton et al (1996) also found fecundity on a factitious host to predict field

parasitism.

Laboratory studies at different temperatures provide useful information on the

performance of potential insects (Wang et al., 1997). They also indicate the potential

effectiveness of parasitoids in the field (Force and Messenger, 1964). However,

according to Omer et al. (1996), it is important that verifications are done in the field

where conditions are variable.

In conclusion, the three strains; T. sp. nr. mwanzai (L), T. sp. nr. mwanzai (M) and T. sp.

nr. lutea (M) appear to be the most promising candidates for use in augmentative

biocontrol programmes against H. armigera in warmer areas where the pest is a serious

problem.
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CHAPTER FIVE

5.0. POPULATION GROWTH AND DEVELOPMENT OF

TRICHOGRAMMATID EGG PARASITOIDS AT DIFFERENT TEMPERATURE

AND HUMIDITY REGIMES.

5.1. Introduction

Egg parasitoids (Hymenoptera: Trichogrammatidae) are used extensively for the

control of several lepidopteran pests in many areas of the world (Li, 1994). Commercial

use of Trichogramma spp. egg parasitoids for augmentative biological control of key

lepidopteran pests has been reported in over 30 countries (Wajnberg and Hassan, 1994).

The effectiveness of Trichogramma spp. in the field depends on several factors, the major

ones being its searching behaviour (habitat, host location), host preference (recognition,

acceptance, suitability) and tolerance to environmental conditions (Hassan, 1994).

Climatic tolerance of natural enemies is a key factor that determines species

establishment and effectiveness in augmentative biological control programs (DeBach,

1965; Messenger et al., 1976a,b; Hokkanen, 1985), and thus has been incorporated into

the process of evaluating candidate natural enemies (Kot, 1979). For inundative

biological control, adaptation of natural enemies to climatic (weather) conditions during

the crop growing season is critical. Tolerance of candidate Trichogramma species/strains

to extreme weather conditions in the relevant area is therefore important. Studies have

shown that temperature influences several biological characteristics of insects, including

sex ratio (Godfray, 1994), adult life span, survival, fecundity and fertility (Singh and
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Ashby, 1985;Yang et al., 1994; Dreyer and Baumgartner, 1996) and developmental rates

(Taylor, 1981; Pedigo, 1989).

The construction of life tables is useful to gain insight into the population dynamics of a

species (Southwood, 1978) and has been widely employed in entomological and

ecological studies to develop an understanding of age-specific mortality and reproductive

rates (Carey, 1993). Life tables provide an excellent method for comparative inter- and

intraspecifc studies (Bleicher and Parra, 1990).

In biological control, the intrinsic rate of natural increase has been used as a

bioc1imatic index to compare natural enemies (Messenger, 1970). It is useful In

companng different species and/or populations of the same species and also In

evaluations of natural enemies on different hosts (Orphanides and Gonzalez, 1971;

Nechols et al., 1989). Environmental factors tend to operate in an interactive manner in

natural ecosystems. Temperature and moisture are considered to be important climatic

factors affecting life history processes of insects (Odum, 1983).

In Kenya, Ochiel (1989) studied the development and life table attributes of

Trichogramma sp. nr. exiguum Pinto and Platner at different temperatures, while Haile et

al. (2002a) compared the development of three exotic and one native species at different

temperatures. Haile et al. (2002b) also compared life table attributes of T bournieri and

T. sp. nr. mwanzai at 26±1°C and 70±1O%RH. The present study was conducted to

investigate the effect of temperature and relative humidity on the development and

population growth of six indigenous trichogrammatid parasitoid strains from Kenya to

assess their climatic adaptability.
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5.2.Materials and Methods

Six parasitoid species/strains (Table 2) were used in this study. The species/strains

were compared on the basis of developmental time in C. cephalonica and on life table

population growth parameters at six temperatures and two relative humidities.

5.2.1. Bioassay

To determine the developmental time, one day- old mated naive female

parasitoids were confined individually in glass vials (2.5 cm diameter by 7.5 cm height).

They were provided diet in the form of minute streaks of 10% honey solution on the

inside of the vials. Each female was then provided with 30 eggs (one day-old) of C.

cephalonica fixed on a card with dilute gum. The glass vials containing the adult female

and the host eggs were placed inside rectangular Perspex cages (30 cm width x 30 cm

diameter x 20 cm height) with an opening on one side, which was sealed with a lid cover.

They were placed in incubators adjusted to the six constant temperatures (chapter two).

The relative humidity in the cages was maintained at either 40-50% or 70-80%. Ten

females (replicates) were used per strain for each treatment. Each day, the eggs were

replaced with fresh ones (one day old) until the female parasitoid died. Temperature and

humidity were maintained as in chapter two.

Parasitoid emergence was monitored every 24 hours. The number of eggs

parasitised, adults emerged and sex ratio (the proportion of female progeny) were

recorded. Daily records of age specific fecundity (mx) and age specific longevity

(survival) (Ix) of each female were also kept and used in constructing life tables (Dent and

Walton, 1997).
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5.2.2. Data Analysis

Analysis of variance (ANOVA), Proc GLM (SAS Institute, 2000) was used to

examine the effect of temperature and relative humidity on the developmental time of the

parasitoid strains. When ANOV As were significant, mean separation was done using

Student-Newman-Keul's (SNK) test at P=0.05 (Zar, 1996). Age-specific life tables

(Southwood, 1978; Bellows et al., 1992) were constructed using a group of 10 females

for each treatment. L, (age specific survival rate) and mx (age specific fecundity) tables

were constructed using age increments of 0.5 days (Andrewartha and Birch, 1954). A mid

point, the pivotal age (x), represented the span between two consecutive daily periods.

For any particular age group, x was the pivotal age in days, Ix was the survival

rate (proportion of individuals alive) at the beginning of the age interval and m, was the

mean number of eggs successfully parasitised at the pivotal age of the female.

Life table statistics were calculated using the Jacknife procedure described by Hulting et

al. (1990). Differences among intrinsic rates of increase and net reproductive rates

between strains at the different temperature and humidity levels were evaluated using the

student-Newman-Keuls test based on Jacknife associated standard errors (Hulting et al.,

1990; Zar, 1996). Data on the following biological parameters; net reproductive rate (Rx),

innate capacity of natural increase (rm), finite rate of increase (A,) and mean generation

time (GT) at the different temperature and humidity regimes were used for evaluating the

parasitoid strains.
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5.3.Results

5.3.1.Developmental time

Temperature and relative humidity levels significantly affected the developmental

time of the parasitoids species/strains (F = 419.2; df= 5,2256; P < 0.0001; F = 6.9;df=

1,2256; P = 0.0086, respectively). Variations in developmental time were also observed

between strains (F = 160.9;df= 5,2256; P < 0.0001). The interaction of the three factors

also significantly affected developmental time (F = 3.84; df = 24, 2256; P < 0.0001).

Most of the strains developed at each of the temperature-humidity levels evaluated except

T. bruni (H), which did not develop at 35°e at both the humidity levels. Significant

differences in developmental times were observed between strains at all the temperature-

humidity levels evaluated, except at lOoe at 40-50%RH (F = 2.61;df= 5,24;P = 0.0506).

Significant differences in developmental time were observed between the strains

at the different temperatures at the two relative humidities (Table 5.1 and 5.2). Generally,

parasitoid developmental time was inversely related to temperature. Parasitoid

development did not differ significantly between the two humidity levels tested at 10 and

15°C.Whereas, T. sp. nr. lutea (L) took longer to develop at 70-80%RH at 20oe, T. sp.

nr. lutea (H) and T. bruni (H) had longer developmental times at 40-50%RH. At 25°e, T.

sp. nr. mwanzai (L), T. sp. nr. lutea (H), T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M)

took longer to develop at 40-50% RH. Whereas T. sp. nr. mwanzai (L), T. bruni (H) and

T. sp. nr. mwanzai (M) took longer to develop at 30oe, at the lower humidity, T. sp. nr.

mwanzai (M) took longer to develop at 35°e at the higher humidity.
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5.3.2. Life table parameters

Data on population growth parameters; Ro (net reproductive rate), rm (intrinsic

rate of natural increase), A (finite rate of increase), and GT (generation time) of the six-

trichograrnmatid parasitoid species/strains at the different temperatures at the two

humidity levels (70-80% and 40-50%) are presented in Tables 5.3 and 5.4, respectively.

5.3.2.1. Net reproductive rate (Ro)

The highest net reproductive rate (~) for most of the strains at 70-80%RH was

reached at 30°C except for T. sp. nr. mwanzai (L) and T. sp. nr. mwanzai (M), which had

their highest rates at 25°C (Table 5.3). At the lower relative humidity level (40-50%),

most strains except T. sp. nr. mwanzai (L) and T. sp. nr. lutea (M) also had their highest

net reproductive rates at 30°C (Table 5.4). At each temperature, significant differences in

the net reproductive rate were observed between parasitoid strains at each of the two

relative humidity levels tested.

At 70-80%RH, at 10°C, T. sp. nr. mwanzai (M) had a higher net reproductive rate

than T. sp. nr. lutea (L), T. sp. nr. mwanzai (L) and T. sp. nr. lutea (M). Similarly, T. sp.

nr. lutea (H) had a higher net reproductive rate than T. sp. nr. lutea (M). At 15°C, T. sp.

nr. mwanzai (M) had the highest net reproductive rate among all the strains.

Trichogramma sp. nr. mwanzai (L) had a higher net reproductive rate than T. sp. nr.

lutea (H) and T. sp. nr. lutea (M). At 20°C, net reproductive rate for T. sp. nr. mwanzai

(M), T. sp. nr. lutea (H) and T. sp. nr. lutea (L) were higher than for T. sp. nr. lutea (L).

At 25°C, T. sp. nr. mwanzai (M) had a higher net reproductive rate than T. sp. nr. lutea

(L), T. sp. nr. lutea (H) and T. bruni (H) while the net reproductive rate for T. sp. nr. lutea
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(M) was higher than T. sp. nr. lutea (H) and T. bruni (H) and that of T. sp. nr. mwanzai

(L) was also higher than for T. sp. nr. lutea (H). At 30°C, T. sp. nr. lutea (M) had a higher

net reproductive rate than T. sp. nr. mwanzai (L), T. sp. nr. lutea (H), T. bruni (H) and T.

sp. nr. mwanzai (M) while at 3SoC, T. bruni (H) did not replace itself and the net

reproductive rate for T. sp. nr. lutea (M) was higher than for T. sp. nr. lutea (L).

At the lower relative humidity (40-S0%), at io-c, T. sp. nr. mwanzai (M) and T.

sp. nr. mwanzai (L) had higher net reproductive rates than T. bruni (H) and T. sp. nr.

lutea (M) while at is-c, T. sp. nr. mwanzai (M) had a higher net reproductive rate than T.

sp. ill. lutea (L), T. sp. nr. lutea (H) and T. bruni (H). At 20°C, T. sp. ill. mwanzai (M)

had a higher net reproductive rate than T. sp. ill. mwanzai (L), T. sp. ill. lutea (H) and T.

bruni (H) while at 2SoC, the net reproductive rate for T. sp. nr. mwanzai (M) was higher

than for T. sp. nr. lutea (L), T. sp. nr. lutea (H), T. bruni (H) and T. sp. nr. lutea (M).

Additionally, the net reproductive rate for T. sp. ill. mwanzai (L) was higher than for T.

sp. ill. lutea (L), T. sp. nr. lutea (H) and T. bruni (H). Trichogrammatoidea sp. nr. lutea

(M) also had a higher net reproductive rate than T. sp. nr. lutea (L), T. sp. nr. lutea (H)

and T. bruni (H). At 30°C, T. sp. nr. mwanzai (M) had the highest net reproductive rate.

However, T. sp. ill. lutea (L) had a higher net reproductive rate than T. sp. nr. mwanzai

(L), T. sp. nr. lutea (H) and T. bruni (H) while T. sp. ill. lutea (M) had a higher net

reproductive rate than T. sp. nr. mwanzai (L) and T. bruni (H). The net reproductive rate

for T. sp. nr. lutea (H) was also higher than that of T. sp. nr. mwanzai (L) and at 3SoC; T.

bruni (H) did not replace itself while T. sp. nr. mwanzai (L) had the highest net

reproductive rate. In general, the net reproductive rates for most parasitoid strains were

higher between 2SoC and 30°C.

vr- IVATT ~qH C ITV I1 R
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5.3.2.2. Intrinsic rate of natural increase (r m)

The highest intrinsic rate of natural increase for most of the strains at 70-80%RH

was reached at 30°C except for T. sp. nr. mwanzai (M), which was reached at 25°C. At

the lower relative humidity level (40-50%), the intrinsic rate of increase for T. sp. nr.

lutea (L), T. sp. nr. lutea (H), T. bruni (H) and T. sp. nr. lutea (M) was highest at 30°C

while that of T. sp. nr. mwanzai (L) and T. bruni (H) was reached at 25°C and 20°C,

respectively. Significant differences in the intrinsic rate of natural increase were also

observed between the parasitoid strains at the different temperatures at the two relative

humidity levels tested.

At 70-80%RH, at 10°C, T. bruni (H) had the lowest intrinsic rate of increase. The

intrinsic rate of increase for T. sp. nr. lutea (M) was lower than for T. sp. nr. mwanzai

(M), T bruni (H), T. sp. nr. lutea (H) and T. sp. nr. mwanzai (L). At 15°C, T. sp. nr.

mwanzai (M) had the highest intrinsic rate of increase. The intrinsic rate of increase for T.

sp. nr. mwanzai (L) was significantly higher than for T. sp. nr. lutea (L) and T. sp. nr.

lutea (H) while at 20°C, T. sp. nr. mwanzai (M) had a higher intrinsic rate of increase

than T. sp. nr. lutea (L), T. sp. nr. mwanzai (L), T. sp. nr. lutea (H) and T. bruni (H).

Additionally, T. sp. nr. lutea (M) had a higher intrinsic rate of increase than T. sp. nr.

mwanzai (L).

At 25°C, T. sp. nr. mwanzai (M) had the highest intrinsic rate of increase. The intrinsic

rate of increase for T. sp. nr. lutea (M) and T. sp. nr. mwanzai (L) were higher than for T.

sp. nr. lutea (L), T. sp. nr. lutea (H) and T. bruni (H) while at 30°C, the intrinsic rate of

increase for T. sp. nr. lutea (M) was higher than for T. sp. nr. lutea (L), T. sp. nr. lutea

(H), T. bruni (H) and T. sp. nr. mwanzai (M). Trichogramma sp. nr. mwanzai (L) and T.
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sp. nr. lutea (M) had higher intrinsic rate of increase than T. sp. nr. lutea (L) and T. sp.nr.

mwanzai (M) at 3S°C.

At the lower relative humidity level (40-S0%), at ro-e, T. sp. nr. mwanzai (M)

and T. sp. nr. mwanzai (L) had higher intrinsic rates of increase than T. sp. nr. lutea (L),

T. bruni (H) and T. sp. nr. lutea (M) while at lSoe; T. sp. nr. mwanzai (M) had a higher

intrinsic rate of increase than T. sp. nr. lutea (L), T. sp. nr. lutea (H) and T. bruni (H).

Similarly, the intrinsic rate of increase for T. sp. nr. mwanzai (L) was higher than for T.

bruni (H).

At 20oe, T. sp. nr. mwanzai (M) had a higher intrinsic rate of increase than T. sp. nr.

mwanzai (L)and T. sp. nr. lutea (H) while T. sp. nr. lutea (L), T. bruni (H) and T. sp. nr.

lutea (M) had higher intrinsic rates of increase than T. sp. nr. lutea (H). At zs-c, T. sp. nr.

mwanzai (L), T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M) did not differ but had higher

intrinsic rates of increase than T. sp. nr. lutea (L), T. sp. nr. lutea (H) and T. bruni (H).

At so-e. T. sp. nr. mwanzai (M) had the highest intrinsic rate of increase. The intrinsic

rates of increase for T. sp. nr. lutea (L) and T. sp. nr. lutea (M) were higher than for T.

bruni (H) while at ss-c. T. sp. nr. mwanzai (L) had a higher intrinsic rate of increase than

T. sp. nr. lutea (L), T. sp. nr. lutea (H) and T. sp. nr. mwanzai (M).

At both humidity levels, the intrinsic rates of increase among the parasitoid strains

increased with increasing temperature until 300e and then decreased. The finite rate of

increase also followed the same trend. It was also observed that prevailing temperature

negatively affected generation time of parasitoid strains regardless of the relative

humidity. The effect of temperature on generation time for the six parasitoid strains at the

two humidity levels is graphically illustrated in Figure S.l. The net reproductive rate and
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intrinsic rate of increase were generally found to be higher at the lower relative humidity

than at the higher humidity (Tables 5.3 and 5.4).



Table 5.1: Mean (± S.E) developmental period (days) of strains at six temperatures at 70-80% RH.

Temperature T. sp.nr. T. sp.nr. T. sp.nr. T. bruni (H) T. sp.nr. T. sp.nr. F df P
(OC) lutea (L) mwanzai lutea (H) mwanzai lutea (M)

(L) (M)
10 11.3±0.lab 11.2±0.lab 11.2±0.lab 11. 7±0.2a 11.7±0.la lIb 5.7 5,42 0.0004

A A A B A A
15 9.9±0.lc 9.7±0.lc 10.0±0.3c 12.3±0.la 10.4±0.lb 9.7±0.lc 126 5,192 < 0.0001

B B B A B B
20 9.1±0.lc 8.6±0.ld 8.7±0.ld 10.2±0.la 9.4±0.1b 8.8±0.ld 73 5,202 < 0.0001

DE D D D D B
25 9.5±0.lb 9.2±0.lc 9.2±0.lc 11.3±0.la 9.6±O.lb 9.3±0.lc 122.9 5,279 < 0.0001

C C C C CD C
30 9.3±0.lb 8.5±0.lc 8.8±0.lc 10.0a 8.8±0.lc 8.7±0.lc 17.9 5,110 < 0.0001

CD D CD D E C
35 8.9±0.lbc 9.2±0.lb 9.7±0.3a 0 9.7±O.la 8.5±0.2c 17.7 5,36 < 0.0001

E C B C C
F 39.7 61.3 58 121.8 110.7 31.1
df 5,143 5,140 5,146 5,103 5,193 5,136
p < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each column are
not significantly different at P=0.05 (Student-Newman-Keuls test).



Table 5.2: Mean (± S.E) developmental period (days) of strains at six temperatures at 40-50% RH.

Temperature T. sp.nr. T sp.nr. T. sp.nr. T bruni (H) T. sp.nr. T sp.nr. F df P
(OC) lutea (L) mwanzai lutea (H) mwanzai lutea (M)

(L) (M)
10 1l.1±0.la 11.3±0.la l1.1±0.la lla ll.4±0.2a 11a 2.6 5,24 0.05

A A A BC A A
15 9.9±0.lc 9.7±0.ld 9.7±0.ld 12.3±0.la 10.3b 9.6±0.ld 138.2 5,257 < 0.0001

B B B A B B
20 8.8±0.lcd 8.8±0.lcd 8.9±0.lc 10.5a 9.3b 8.6d 135.2 5,597 < 0.0001

D D D C E B
25 9.7±0.lc 9.5c 9.6±0.lc 11.4±0.la 10±0.lb 9.6±O.lc 78.1 5,408 < 0.0001

BC BC B B C C
30 9.3±0.lc 9.0±0.ld 8.9±0.le 11.3±0.la 9.7b 8.7±0.le 85.1 5,179 < 0.0001

C CD D B D C
35 8.9±0.lbc 9.5±0.2a 9.3±O.lab 0 9.4±0.la 8.7±O.lc 8.0 5,47 < 0.0001

D BC C E C
F 47 43.3 41 81.7 78.5 77.4
df 5,238 5,269 5,235 5,121 5,371 5,278
p < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Means followed by the same lower case letter in each row and those followed by the same upper case letter in each column are
not significantly different at P=0.05 (Student-Newman-Keuls test).



Table 5.3: Net reproductive rate (Rx), intrinsic rate of increase (rm), mean generation time (OT) in days and finite rate of increase CA.)
of six indigenous trichogrammatid species/strains at different temperatures at 70-80% RH .

Temperature Parameter
CC)

T. sp.nr. lutea T. sp.nr. T. sp.nr. lutea T. bruni (H) T. sp.nr. T. sp.nr. lutea
(L) mwanzai (L) (H) mwanzai (M) (M)

30

~ 0.96±0.03abc 0.91±0.65ab 1.87±0.35bcd 1.75±0.77abcd 5.66±1.67d 0.29±0.29a
rm -0.01±0.02ab 0.027±0.06b 0.046±0.02b 0.046±0.03b 0.09±0.02b -0.118a
GT 18.2 23.12 13.73 14.49 17.762 18.44
A 1.00 1.00 1.05 1.04 1.1 0.94
~ 4.18±1.49abc 9.37±2.41cde 1.89±0.96a 7.17±2.71abcd 31.09±3.37f 3.62±0.99ab
rm 0.088±0.02ab 0.157±0.01cde 0.052±0.04a 0.144±0.03abcd 0.224±0.02f 0.107±0.02abc
GT 16.789 14.33 14.871 14.24 15.338 12.205
A 1.09 1.17 1.04 1.14 1.25 1.11
~ 7.6±2.24b 2.31±0.93a 6.6±1.7b 6.72±2.55ab 10.81±2.28b 7.58±2.93ab
rm 0.154±0.02ab 0.078±0.04a 0.156±0.02abc 0.168±0.03abcd 0.252±0.02e 0.209±0.04bcde
GT 12.74 11.75 12.234 11.63 9.43 10.074
A 1.17 1.07 1.17 1.18 1.29 1.22
~ 8.29±2.51abc 15.88±3.99bcd 5.58±1.23a 6.64±1.38ab 25.68±3.09d 16.87±4.38cd
rm 0.199±0.02abc 0.266±0.01de 0.179±0.02ab 0.187±0.02a 0.35±0.Olf 0.282±0.01d
GT 10.74 10.4 9.732 10.216 9.28 10.02
A 1.22 1.3 1.19 1.2 1.41 1.33
n, 15.97±4.39abcde 8.53±2.85ab 8.9±2.52abcd 6.84±2.45a 8.55±1.55abc 22.8±4.6e
rm 0.304±0.02abcd 0.309±0.05abcde 0.292±0.04ab 0.274±0.05a 0.295±0.03abc 0.413±0.02e
GT 9.154 7.12 7.6 7.275 7.342 7.6
A 1.35 1.35 1.33 1.3 1.34 1.51
~ 1.67±0.34b 4.67±1.12c 3.39±1.54bc Oa 2.22±2.22bc 4.86±4.86c
rm 0.076±0.03a 0.211±0.03c 0.195±0.07abc 0.104±0.04ab 0.225±0.03c
GT 7 7.42 6.86 8.28 7.15
A 1.07 1.23 1.19 1.1 1.25

10

15

20

25

35

Means ± SE followed by the same letter in each row are not significantly different (P = 0.05) (Student-Newman-Keul's test).



Table 5.4: Net reproductive rate (Ra), intrinsic rate of increase (rm), mean generation time (GT) in days and finite rate of increase (A)
of six indigenous trichogrammatid species/strains at different temperatures at 40-50% RH .

Temperature Parameter
CC)

T. sp.nr. lutea T. sp.nr. T. sp.nr. lutea T. bruni (H) T. sp.nr. T. sp.nr. lutea
(L) mwanzai (L) (H) mwanzai (M) (M)

15

Ra 0.60±0.22abc 1.3±0.87c 0.79±0.42abc 0.172±0.17a 1.26±0.44c 0.21±0.08ab
rm -0.025±0.03bc 0.023±0.04d -0.002bcd -0.135a 0.021±0.03d -0.072±0.02b
GT 16.49 16.08 16.19 20 13.369 19.65
A 0.97 1.02 0.99 0.916 1.02 0.925
Ra 6.90±1.64abc 9.26±2.6abcd 5.73±1.44ab 3.2±1.09a 18.09±3.21d 9.2±3.79abcd
rm 0.131±0.02abc 0.160±0.02bcd 0.130±0.02ab 0.089±0.02a 0.203±0.01d 0.153±0.03abcd
GT 14.926 14.09 13.52 13.67 14.076 15.041
A 1.14 1.17 1.14 1.09 1.23 1.16
Ra 20.75±3.92abcd 14.4±3.82abc 13.4±3.16a 13.88±3.87ab 32.37±4.53d 21.59±3.86abcd
rm 0.21O±0.0Ibc 0.188±0.02ab 0.174±0.01a 0.220±0.02bc 0.257±0.02c 0.222±0.01bc
GT 14.49 14.339 15 12 13.539 13.832
A 1.232 1.2 1.19 1.24 1.29 1.25
n, 8.38±2.62abc 31.77±4.82de 9.69±3.2ab 6.5±1.95a 39.67±4.51e 23.23±3.81d
rm 0.186±0.03ab 0.301±0.01d 0.204±0.02abc 0.173±0.03a 0.29±0.01d 0.275±0.0Id
GT 11.59 11.51 11.268 11.08 12.66 11.46
A 1.2 1.35 1.22 1.18 1.34 1.32
n, 23.37±5.38de 5.81±1.99a 11.21±1.4bc 6.73±3.12ab 46.74±4.63f 16.25±3.34cd
rm 0.334±0.02bcd 0.237±0.05ab 0.291±0.01abc 0.2±0.05a 0.401±0.Olf 0.341±0.03bcde
GT 9.48 7.676 8.31 10.184 9.576 8.23
A 1.39 1.26 1.34 1.21 1.494 1.4
Ra 3.35±0.85bc 11.1±2.17f 1.59±0.77ab Oa 4.2±1.08bcd 4.4±1.17bcde
rm 0.169±0.03ab 0.267±0.02d 0.079±0.07a 0.190±0.19bc 0.206±0.04abcd
GT 7.32 9.07 7.657 7.72 7.35
A 1.18 1.3 1.06 1.2 1.22

10

20

25

30

35

Means ± SE followed by the same letter in each row are not significantly different (P = 0.05) (Student-Newman-Keul's test).
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70-80% RH.
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Fig. 5.1. Mean generation time of six trichogrammatid species/strains at six temperatures
and two humidity regimes.
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5.4. Discussion

Trichogramma species tend to vary greatly in their searching behaviour, host

preference and response to environmental conditions and consequently, in their suitability

for use in biological control. Several authors have shown such variations among strains of

the same Trichogramma species and stressed the importance of choosing the appropriate

strain for use in biological control, while others have indicated the particular attributes

that would increase the biological abilities of the parasitoids and their effectiveness in the

field (van Lenteren, 1986; Pavlik, 1993; Hassan, 1994). According to van Lenteren

(1991), the success of biological control is related, among other factors, to the quality of

the released organisms and sub-optimal success can be indicative of low insect quality.

Huettel (1976) recognised that, while successful biological control was a clear indication

of adequate insect quality, there was need to develop and assess performance before

parasitoids are released in the field.

The current study provides information on the overall effects of climatic

conditions on the development and reproduction of indigenous trichogrammatid

species/strains in Kenya and attempts at selection of strains that are pertinent to the

climatic conditions of target ecosystems. The performance of Trichogramma spp.

depends upon a number of factors, which include the climatic conditions in the release

area, which must be conducive for the growth and survival of the insects (van den Bosch

and Messenger, 1973; Dent, 1991). While it has been recognised that insects develop

faster at higher temperatures (Wagner et al., 1984), optima, maxima and minima differ

among species and an understanding of these traits has important consequences for

parasitoids performance in the field.
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The variations observed in the life table parameters among the parasitoid

species/strains at the different temperatures and relative humidities in the present study

point to the importance of environmental conditions in the choice of strains for

satisfactory performance of parasitoids in the field. Between the two factors, temperature

appeared to play a more significant role in influencing parasitoid development and

reproduction, as the parasitoids exhibited comparable response pattern across the

different temperatures, regardless of the humidity level. Other authors have also found

that among the physical factors, temperature exerts the strongest influence on the

biological characteristics of Trichogramma (Noldus, 1989; Pratissoli, 1995) and the

present study tends to confirm this.

Most of the strains had faster development and higher intrinsic and net

reproductive rates between 25 and 30°C at both humidity levels. This may suggest that

the optimum temperature for these parasitoids lies in this range. Although T. sp. ill.

mwanzai (M) took relatively longer to develop at 30°C, the intrinsic and net reproductive

rates were also higher at this temperature. Because the majority of strains had their

highest rm values at 30°C at both humidity levels, the optimal temperature for the native

trichogrammatid parasitoids may be around 30°C. According to Pak and Oatman (1982),

the true influence of temperature on population growth is reflected in the rmvalues, which

are a net result of the combined effects of development, survival and reproduction. At the

extreme low temperature (10°C), at both humidity levels, some strains exhibited negative

rm values (Figures 5.3 and 5.4), probably as a result of prolonged development (Tables

5.1 and 5.2), and the populations had the lowest growth rate. This may also mean that the

populations of these strains at this temperature will decrease to extinction unless the
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climatic factor eventually changes or immigration occurs. The highest temperature of

35°C also appeared to affect most strains, resulting in lower rm values. Indeed, T. bruni

(H) was so adversely affected that it resulted in no development and subsequent

reproduction. This temperature was apparently detrimental to the strain indicating that it

cannot survive to reproduce in such high temperature. Higher temperatures tended to

induce faster development and a shorter generation time in most of the strains. The

intrinsic rate of natural increase is a good indicator of the temperature at which growth of

a population is most favourable because it reflects the overall effects of temperature on

development, reproduction and survival characteristics of a population (Tsai and Wang,

1999).

The rmvalues (0.266 and 0.301) for T. sp. nr. mwanzai (L) and (0.35 and 0.29) for

T. sp. nr. mwanzai (M), at 70-80 and 40-50%RH, respectively at 25°C, in the present

study compare well with 0.309 obtained by Haile et al. (2002b) for the same species at

26± 1°C and 70± 1O%RH. Any differences may be because of different strains of the same

species and/or relative differences in test conditions. Such biological differences among

strains in environmental interactions may reflect adaptations in populations to the

environment (Messenger and van den Bosch, 1971). Considering the six species/strains,

T. sp. nr. mwanzai (M) and T. sp. nr. mwanzai CL) were superior. The two strains were

more favourably adapted to both low and high temperatures at the two humidity levels as

they had higher intrinsic and net reproductive rates and also developed relatively faster.

In an earlier study, the same two strains had exhibited higher survival, fecundity and

progeny production than the other strains. In this study, a relationship between the
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performance (development and reproduction) of the strains and the climate of their origin

could not be established.

Several authors have used life tables to compare strains and for species of

Trichogramma. Bleicher and Parra (1990), for example, evaluated the development of

three populations of Trichogramma using life tables, while Maceda et al. (1994)

compared Trichogramma pretiosum and Trichogramma annulata, using the finite

increase ratio (A.). Similarly, Nagaraja (1988) evaluated for differences between six

species of Trichogramma and one Trichogrammatoidea hybrid using life tables, while

Jalali and Singh (1993) used a similar approach to select superior strains from collections

coming from different agroclimatic zones. More recently, Haile et al. (2002b), using the

intrinsic and net reproductive rates established there were no differences between T.sp.

nr. mwanzai and T. bournieri from Kenya, although the two differed in their

parasitisation potential.

Based on this approach, the present study has demonstrated that the two strains T. sp. nr.

mwanzai (M) and T. sp. nr. mwanzai (L) were superior to the others as is indicated by

their higher performance and adaptation to the range of temperatures and humidities

tested.
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CHAPTER SIX

6.0. HOST PREFERENCES AND SUITABILITY OF DIFFERENT

LEPIDOPTERAN PESTS FOR THE INDIGENOUS TRICHOGRAMMATID

SPECIES/STRAINS.

6.1. Introduction

Trichogrammatid egg parasitoids are extensively used as biological control agents

because they attack eggs of several lepidopteran species that cause serious damage to

crops in many different plant families (Smith, 1996). Although most trichogrammatids

are polyphagous, there is a tendency for most of them to show strong preference to

certain host (s), crop (s) and climatic conditions (Has san and Gou, 1991). Some species

also appear to be host selective, for instance T nubilale has only been collected from

eggs of Ostrinia nubilalis in corn fields in the eastern United States (Ertle and Davis,

1975) while in the laboratory, it preferred eggs of 0. nubilalis over other American

lepidopterans (Curl and Burbutis, 1978). An understanding of these preferences among

trichogrammatid species/strains would therefore be useful in visualizing their potential

impact on the target lepidopteran pests in the presence of non-target hosts in the crop

ecosystem.

The process leading to successful parasitism is divided into host-habitat location,

host location, host acceptance and host suitability (Doutt, 1959). Upon reaching the

vicinity of a host (host's habitat), the parasitoid must locate its host. However, the hosts

encountered by the parasitoids may differ in their quality for development of the young

ones, in time required for their attack and the probability of female mortality during
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oviposition (Godfray, 1994). The choice of suitable parasitoid candidate species or strains

is important for successful biological control programs, because the host specificity

characteristics of candidate species are generally considered among the factors

determining their potential as control agents (Pak, 1988). Their effectiveness is likely to

be diminished if certain host ages or species are preferred over others, because non-

preferred stages or host species have an increased probability of remaining unparasitised

(Ehler and Van den Bosch, 1974).

According to De Bach (1964), the host(s) should also be suitable for the

development of the parasitoid and this should form one of the primary criteria in selecting

a biological control program. Host suitability is defined as the degree to which the

environment within the host provides the requisites for successful development and

emergence of fertile adult parasitoids (Salt, 1938). Host suitability is concerned with

factors affecting the development of the parasitoid within potential hosts (Vinson and

Iwantsch, 1980). Upon successful host finding and host selection, host suitability

represents the last step in the host parasite relationship towards successful parasitism

(Vinson, 1976). Physiological suitability is an absolute necessity for successful

development of parasitoid progeny (Hailemichael et al., 1997). The success of parasitoid

development may depend on factors such as the nutritional adequacy of the host, its

immune system, toxins and competition (Vinson and Iwantsch, 1980). It is important that

suitability of the target pest is investigated before directing the biological control program

towards them.
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Several studies on host preference of trichogrammatids have been carried out in

the past (Yu et al., 1984; Bournier, 1982; Torreno and Cadapan, 1984). In Kenya, Ochiel

(1989) and Guang and 0100 (1990) studied the host preference and suitability of

Trichogrammasp. nr. exiguum Pinto and Platner and T.sp. nr. mwanzai Schulten and

Feijen, respectively. Abera (2001) determined the association of both host plants and host

insects on the natural levels of parasitism by two Trichogramma species T.sp. nr.

mwanzai and T. bournieri. The present study was undertaken to investigate the relative

preference of six trichogrammatid species/strains for the target pest, Helicoverpa

armigera and its suitability in comparison to other lepidopteran hosts that commonly

occur. This would allow selection of candidate strains for augmentative biological control

of H. armigera.

6.2. Materials and Methods

Eggs of the target pest, Helicoverpa armigera (Hubner) and five other

lepidopteran hosts namely, Busseola fusca Fuller, Sesamia calamistis Hampson

(Noctuidae), Chilo partellus Swinhoe, Eldana saccharin a Walker (Pyralidae) and

Plutella xylostella (L.) (Yponomeutidae), were used in the tests with six species/strains of

Trichogramma and Trichogrammatoidea (Table 1). The host eggs were obtained from

laboratory colonies maintained at the International Centre of Insect Physiology and

Ecology (ICIPE), Nairobi, Kenya. The parasitoids were from isofemale lines, each

established from the offspring of females emerging from H. armigera eggs collected

from the field. The strains were reared in the laboratory using the factitious host, Corcyra

cephalonica (Pyralidae). The conditions in the laboratory were maintained at 25±2°C,

and 50± 10% RH.
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The acceptance of the six host species was tested in a no-choice experiment. The number

of eggs parasitised per adult female during 24 hours was taken as the parameter for host

acceptance as well as a measure of host preference level. A host was considered accepted

if it contained at least one parasitised egg. To examine the relative preference of

trichogrammatid species/strains among host species, 40 eggs of H. armigera were offered

simultaneously with equal numbers of eggs of the other hosts to a one-day-old naive and

mated female parasitoid of each of the strains in a glass vial (1.00 cm diameter by 3.5 cm

height). The glass vial was covered with cotton wool. Minute streaks of diluted honey

were provided as food to the parasitoid. The egg batches were exposed to the parasitoid

for 24h after which the parasitoid was killed and eggs kept at 25±2°C and 60-70%RH

until the parasitoids emerged. Parameters for suitability included the proportion of

progeny that emerged from parasitised eggs and the progeny sex ratio (proportion of

females).

6.2.1. Data analysis

Data on host preference, total progeny emerged and sex ratio was analysed and

compared using chi-square (SAS Institute, 2000). Analysis of variance (ANOV A), using

the general linear model (PROC GLM), was performed on host acceptance data to

examine the effects of strain and host and their interaction on parasitism, progeny

production and sex ratio. Acceptance data were Log (x+ I) transformed, while percent

data were arcsine transformed before statistical analysis (Sokal and Rohlf, 1981). When

ANOVA was significant, mean separation was done using Student Newman-Keul's

(SNK) test (Zar, 1996).
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6.3. Results

6.3.1. Host acceptability

All the strains accepted all the six host species with significant differences

between strains (F = 7.33; df= 5, 144; P < 0.0001) as well as the hosts (F = 9.04; df= 5,

140; P < 0.0001). The degree of host acceptance by each species is shown in Figure 6.1.

There was no significant difference in acceptance levels between host species for T. sp.

nr. lutea (H), T. sp. nr. lutea (L), T. sp. nr. mwanzai (L), T. sp. nr. lutea (M) and T. bruni

(H) (F = 1.16; df= 5, 24; P = 0.36, F = 2.61; df= 5, 24; P = 0.05, F = 0.56; df= 5, 24; P

= 0.73, F = 2.68; df= 5, 24; P = 0.05, F = 1.1; df= 5, 24; P = 0.38, respectively) while T.

sp. nr. mwanzai (M) showed significant differences in acceptance between the host

species (F = 17.30; df= 5, 24; P < 0.04).

6.3.2. Host preference

The relative number of eggs parasitised (%) by the species/strains on the different

hosts in duo-choice with H. armigera is shown in Table 6.1. T. sp. nr. lutea (H) did not

show significant difference in preference between H. armigera and B.fusca (X2 = 0.02; P

= 0.886) and between H. armigera and S. calamistis (X2= 1.92; P = 0.17). T. sp. nr. lutea

(H), however, preferred H. armigera to C. partellus and P. xylostella. On the other hand,

it preferred E. saccharin a to H. armigera. T. sp. nr. lutea (L) did not show significant

difference in preference between H. armigera and B. fusca and between H. armigera and

S. calamistis (X2 = 3.33; P = 0.07 and X2 = 1; P = 0.32, respectively), while it showed

higher preference for H. armigera compared to E. saccharin a (X2= 15.39; P < 0.0001). T.

sp. nr. lutea (L) also showed a higher preference of H. armigera.to C. partellus and P.
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xylostella. Trichogramma sp. nr. mwanzai (L) preferred H. armigera to C. partellus and

E. saccharina, but showed no significant difference in preference between H. armigera

and B.fusca (X2 = 3.36; P = 0.07). The strain, however, showed a higher preference for S.

calamistis, when compared to H. armigera (X2 = 6.13; P = 0.01). H. armigera was also

preferred to P. xylostella (X2 = 5.83; P = 0.02). T. sp. nr. lutea (M) did not show

significant preference between H. armigera and B. fusca (X2 = 0.02; P = 0.9) and H.

armigera and P. xylostella (X2 = 1.39; P = 0.24). It however appeared to prefer H.

armigera over C. partellus. T. sp. nr. lutea (M) also showed higher preference for H.

armigera when in choice with E. saccharina and S. calamistis (X2 = 33.39; P < 0.0001

and X2= 23.44; P < 0.0001, respectively). Whereas T. bruni (H) exhibited preference for

H. armigera over P. xylostella and E. saccharina, it did not show significant difference in

preference between H. armigera and C. partellus and H. armigera and S. calamistis (X2 =

1.29; P = 0.26 and X2 = 0.67; P = 0.41, respectively). Helicoverpa armigera was preferred

to B. fusca (X2 = 4; P = 0.05). T. sp. nr. mwanzai (M) did not show distinct preference

between H. armigera and B.fusca (X2 = 0.13; P = 0.72, but preferred H. armigera to C.

partellus and also to P. xylostella (X2 = 64.22; P < 0.0001). However, the strain showed a

higher preference for E. saccharina and S. calamistis compared to H. armigera (X2 =

8.07; P = 0.005 and X2 = 4.57; P = 0.03, respectively).

6.3.3. Host suitability

6.3.3.1. Progeny production

Progeny production was affected significantly by the strain as well as the host (F

= 8.85; df = 5, 140; P < 0.0001; F = 9.75; df = 5,140; P < 0.0001, respectively). The

percentage of progeny produced by the different species/strains on the different hosts in
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choice with H. armigera is shown in Table 6.2. H armigera and B. fusca did not differ

significantly in progeny production by T. sp. nr. lutea (H), but more progeny was

produced on H. armigera than on C. partellus, E. saccharina and P. xylostel/a. H

armigera, however, had less progeny when compared to S. calamistis (X2 = 16.07; P <

0.0001). T. sp. nr. lutea (L) produced significantly more progeny on H. armigera than on

B. fusca, P. xylostel/a or C. partellus, while no significant differences were observed

between H. armigera and E. saccharina and between H armigera and S. calamistis (X2 =

0.29; P = 0.59 and X2 = 0.07; P = 0.8, respectively).

Trichogramma sp. nr. mwanzai (L) produced more progeny on H. armigera than

on P. xylostella, E. saccharin a or C. partellus, but less progeny on B. fusca or S.

calamistis (x2 = 34.77; P < 0.0001 and X2 = 18.75; P < 0.0001, respectively). Whereas

there was no significant difference in progeny production between H. armigera and B.

fusca (X2 = 3.37; P = 0.07) for T. sp. ill. lutea (M), there was more progeny produced on

H armigera compared to the other hosts.

For T. bruni (H), progeny production did not differ significantly between H. armigera

and B.fusca or C. partellus or S. calamistis (X2= 0.03; P = 0.86; X2 = 1.8; P = 0.18 and X2

= 0.47; P = 0.49, respectively). More progeny was produced on H. armigera than on E.

saccharina or P. xylostella. Trichogramma sp. ill. mwanzai (M) produced more progeny

on H armigera than on C. partellus or P. xylostella, while H. armigera and S. calamistis

did not differ significantly (X2 = 0.76; P = 38). Less progeny was produced on H

armigera compared to B.fusca or E. saccharina.
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6.3.3.2 Sex ratio

The proportion of females produced by the different species/strains on the

different hosts in choice with H. armigera is shown in Table 6.3. T. sp. nr. lutea (H)

produced a female biased sex ratio on S. calamistis compared to H. armigera (X2 = 5.4; P

= 0.02). Sex ratio for T. sp. nr. lutea (L) did not differ significantly between H. armigera

and E. saccharina (X2 = 0.08; P = 0.78) and between H. armigera and S. calamistis (X2 =

0.5; P = 0.48). Trichogramma sp. nr. mwanzai (L) had a higher female biased sex ratio

on B.fusca or S. calamistis than on H. armigera (X2 = 29.54; P < 0.0001 and X2 = 14.24; P

= 0.0002), but there was no significant difference between H. armigera and P. xylostella.

Trichogrammatoidea sp. nr. lutea (M) had a higher female biased sex ratio on H.

armigera for all the hosts except B.Jusca, where it was more male biased (X2 = 9.38; P =

0.002). For T. bruni (H), the sex ratio did not differ between H. armigera and most of the

other host species, except P. xylostella or E. saccharina. Trichogramma sp. nr. mwanzai

(M) produced significantly more females in progeny on Bi fusca than on H. armigera (X2

= 11.95; P = 0.0005), but the progeny sex ratio between H. armigera and S. calamistis

did not differ appreciably (X2 = 0.5714; P = 0.45).
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Table 6.1: Relative preference (%) of trichogrammatid species/strains for H. armigera
eggs in duo-choice with five different lepidopteran host species.

Trichogrammatid (;j

species/Strain ~ ":! (;j (;j (;j ~
:;.;::

~
.~-- '- .....;::s l.... -- l.... (;j l.... .~~ -- ~ ~ ~ '-l ~ (;j

~.!?O -- .!?O ..... .!?O ":! .!?O ~ ~~ ":!

~ '-~
.....

~ ~
0 ~ •.. '-l ~ (;jl.... -- t '-l -...

~ \..5 (;j
~ ~ ~

s,
~ ~ '-t.i (;j

~
s; • (;j

(;j ~ (;j (;j ":! (;j V) '-l

T. sp. nr. lutea (H) 100 0 100 0 49 51 0 100 40.4 59.6
T. sp. nr. lutea (L) 100 0 100 0 33.3 66.7 88.5 11.5 60 40
T. sp. nr. mwanzai 100 0 72.4 27.6 38.8 61.2 100 0 28.1 71.9
(L)
T. sp. nr. lutea (M) 100 0 58.7 41.3 50.9 49.1 4.9 95.1 87.8 12.2
T. bruni (H) 28.6 71.4 100 0 63.5 37.5 100 0 41.7 58.3
T. sp. nr. mwanzai 100 0 97.2 2.8 52.1 47.9 13.3 86.7 32.4 67.6
(M)

IlCtJVAT
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Table 6.2: Progeny production (%) by six trichogrammatid species/strains on H.
armigera eggs in duo-choice with five different lepidopteran host species.

Trichograrnmatid ~ .~species/Strain ~ '" ~ ~ ~ ~ ~ ~-.. '- .•..•s; ;::: :.... -.. s; ~ s; :.... s, .~<:u -... <:u <:u <:u \J <:u ~ <:u
.~ -... .~ .•... .~ '" .~ ~ .~ ~<:u '" ~

~ ~
- ~ a ~ ~

\J

~ ~
.ss; -.. \J

0 ~ ~
:....

~ ~ ~
:....

~ ~
. ~ . ~I:l., ~ ~ ~ ~ '" Cl') \J

T. sp. nr. lutea (H) 100 0 100 0 40.4 59.6 0 100 23.2 76.8
T. sp. nr. lutea (L) 100 0 100 0 100 0 57.1 42.9 53.3 46.7
T. sp. nr. mwanzai 100 0 75 25 18.4 81.6 100 0 18.8 81.8
(L)
T. sp. nr. lutea (M) 100 0 69.8 30.2 39.5 60.5 96.2 3.8 95.7 4.4
T. bruni (H) 20 80 100 0 50.8 49.2 100 0 42.1 57.9
T. sp. nr. mwanzai 100 0 100 0 27.1 72.9 0 100 42.4 57.6
(M)
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Table 6.3: Sex ratio (% female) produced by six trichogrammatid species/strains on H.
armigera eggs in duo-choice with five different lepidopteran host species.

Trichogrammatid ~ ~ ~ ~ ~ .::: ~ .:::;
species/Strain

c-, -.... .- .•..•s; ;:::: :.... -.... :.... ~ s; :.... :.... .:::;<:U -.... <:U <:U <:U '-> ~ ~ <:U
~ -.... .2!> .•..• .2!> c-, -e .2!> ti:.- <:U c-, <i; .- '->

~ ~

.•..•

~ ~
Cl ti: ~ ti: ~:.... -.... '->

cj ~ 0.: ~ ~ 8 ec:i ~ ki ~ ~ 8 . ~I::l.. ~ U) Cl) '->
T. sp. nr. lutea (H) 100 0 100 0 72 28 0 100 30.6 69.4
T. sp. nr. lutea (L) 100 0 100 0 100 0 46.2 53.8 62.5 37.5
T. sp. nr. mwanzai 100 0 33.3 66.7 19.2 80.8 0 100 17.7 82.3
(L)
T. sp. nr. lutea (M) 100 0 73.3 26.7 72.3 27.7 94.4 5.6 100 0
T. bruni (H) 50 50 100 0 52.7 47.3 100 0 50 50
T. sp. nr. mwanzai 100 0 100 0 27.9 72.1 0 100 42.9 57.1
(M)
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Fig.6.1. Host acceptance (number of host eggs parasitised) among six trichogrammatid species/strains for different hosts.
Bars caped with different letters are significantly different, SNK, P = 0.05
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6.4. Discussion

Before accepting a host, it should be evaluated by the parasitoid (van Driesche

and Bellows, 1996). The decision by a parasitoid to accept a host depends on several

characteristics Several species-specific factors have been found to play a role in host

acceptance by trichogrammatids and include host egg shape, host size and colour and

host age (Vinson, 1976). Chemicals associated with the host (Vinson, 1976; Mudd and

Corbet, 1982; Tilden and Ferkovich, 1988) and visual cues (Casas, 1988) may be

involved in host acceptance. Host odour and its chemical composition also play a key

role in host acceptance. In the present study, acceptance levels differed between strains

and hosts. Such differences in host acceptance may indicate differences in the host

selection behaviour, which among other factors, may depend on the hosts that are

available. Noldus et al. (1990), Gazit et al. (1996) and Chabi-Olaye et al. (2001b) noted

that once the oviposition site was discovered, physical cues and contact kairomones were

directly associated with the attack on host eggs.

The six lepidopteran species tested were all acceptable as hosts of the six

indigenous egg parasitoid species/strains. These results are useful as they indicate the

potential to use candidate species/strains to control lepidopteran key pests in Kenya.

Although all host species were acceptable, the trichogrammatid strains showed

significant preference to certain hosts when in choice with H. armigera. Monje et al.

(1999), Pak et al. (1991) and Bruins et al. (1994) demonstrated that relative host size can

have an influence on host choice, simply because larger hosts are perceived earlier than

smaller ones. In the present study, host size may have played an insignificant role, since

most strains did not show preference between the smaller sized eggs of H. armigera and
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the larger sized eggs of B. fusca, S. calamistis and E. saccharina. Trichogrammatoidea

sp. nr. lutea (L), T. sp. nr. mwanzai (L), T. sp. nr. lutea (M), T. bruni (H), for example,

showed higher preferences for H. armigera over E. saccharina. Although not tested in

this study, olfactory cues may be considered as possible factors responsible for the

variations in host preferences. It is possible that, between H. armigera and either B.fusca

or S. calamistis, differences in olfactory cues are perhaps more critical than between H.

armigera and either C. partellus or P.xylostella.

The observation that most trichogrammatid species/strains showed higher

preferences for oviposition in eggs of H. armigera, B.fusca or S. calamistis (all noctuids)

as compared to others, further supports the finding of Kot (1964) that members of the

family Noctuidae appear to be universally acceptable hosts of Trichogramma. Chabi-

Olaye et al. (2004), in a similar study on host preference and suitability for Lathromeis

ovicida Risbec (Hymenoptera: Trichogrammatidae), an egg parasitoid of cereal

stemborers in Africa found significant preference for noctuids over pyralids.

Helicoverpa armigera, B.fusca and S. calamistis did not differ for most strains in

terms of progeny production and sex ratio indicating that the three hosts are equally

suitable for the development of the indigenous parasitoids. According to van Alphen and

Janssen (1982) and van Alphen and Vet (1986), parasitoid females accept their hosts

according to their suitability for progeny development. Sex ratio differences observed in

the progeny could also be due to differences in the relative suitability of hosts. Waage

(1982) and Ramadhan et al. (1995) reported host suitability to have a strong influence on

sex ratio in arrhenotokous parasitoids. Unsuitable hosts or poor quality hosts may result
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in a male-biased sex ratio (Chamov and Skinner, 1985). A female wasp may also lay

more unfertilized eggs in hosts perceived to be of lower quality (Samira, 2003).

The male-biased sex ratio in the progeny may also be due to a high mortality of immature

females in the host. Differential parasitoid mortality in which females suffered higher

mortality than males has been reported (Rotary and Gerling, 1973). Godfray (1994) also

reported that host suitability has a strong effect on parasitoid fitness. According to Jervis

and Copland (1996), the growth and development of the parasitoid (not tested in this

study) may also vary in relation to different host species, given that different host species

are likely to constitute different resources in both quantitative and qualitative aspects.

The likelihood of occurrence of more than one host species in a given crop, may therefore

suggest the use of a strain, which will accept the target host and any other hosts. This

would be particularly relevant in smallholder-mixed crop-systems that are a common

practice in sub-Saharan Africa. In such systems, a generalist parasitoid may be more

advantageous when the interest is to provide general impact on all lepidopterans.

However, in an inundative program, a host specific parasitoid may be more important

apparently because releases are targeted against a single pest species (van Lenteren,

1980). Trichogramma sp. nr. mwanzai (L) and T. sp. nr. mwanzai (M), however,

preferred S. calamistis and E. saccharina respectively to H. armigera. The two hosts

were also more suitable for the development of parasitoids. These two strains may be

good candidates, where H. armigera and the two pests co-exist and where H. armigera is

the target pest of the control program.

In vegetable-based cropping systems, however, all the strains would be good candidates

for H. armigera, since there is less likelihood that the other noctuids will be present. It
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would be safer, however, to target H. armigera with strains that show more preference

for it over the other lepidopteran pests in a particular agroecosystem. Conversely, where a

strain prefers the other lepidopteran pests to H. armigera, it may not be ideal to deploy it

and if need be, suitable adjustment in dosage to make impact for H. armigera should be

considered.

According to the results of the present study, it is evident that the six species/strains

tested are good candidates for use against H. armigera. Other selection criteria would be

important to take into consideration in addition to preference and suitability studies.
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CHAPTER SEVEN

7.0. RELATIVE PARASITISM OF H. ARMIGERA ON TWO HOST PLANTS BY

DIFFERENT TRICHOGRAMMATID SPECIES/STRAINS.

7.1. Introduction

Host selection by many parasitoids is determined by habitat preference, and is

subject to the influence of ecological factors such as characteristics of the host's habitat,

climatic conditions, and physiological and experimental state of the parasitoids (Vinson,

1976; van Alphen and Vet, 1986). Trichogramma are known to be more habitat specifc

than host specifc (Smith, 1996). The host plant is an important factor that may influence

the parasitoid's host selection and therefore effectiveness in biological control. Different

rates of egg parasitism are reported for the same host species on different host plants, by

several Trichogramma spp. (Lopez et al., 1982). One of the various ways that plants exert

this influence is through the production of cues (synomones) that guide natural enemies

to infested plants (Dicke, 1996). Plant odors have been found to play a role in host habitat

location by Trichogramma (Altieri et aI., 1982; Nordlund et al., 1985). A plant may also

influence apparent host preference by providing the parasitoid orientation or lack of

orientation to the host habitat (Vinson, 1976). Host plant adaptations probably interact

with host-species adaptations, and their combined effect results in strains of

Trichogramma being specialized and released in different crops.For example,

Trichogramma maidis against the corn borer, O. nubilalis and T. pretiosum against the

cotton bollworm, Heliothis zea. Morphological features of plants such as dense trichomes

and waxy leaves and other plant characteristics may also represent a constraint to
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foraging parasitoids and as such impair host encounters by parasitoids (Gingras et al.,

2003). It has also been recognized that Trichogramma spp. are not able to use stimuli

derived from their hosts because insect eggs do not emit long-range volatiles (Kaiser et

al., 1989; Noldus, 1989). These egg parasitoids rely on sex pheromones and plant

volatiles to detect presence of host eggs on plants. Noldus (1989) listed several examples

of Trichogramma spp. responding to host sex pheromones, and a number of studies have

shown that Trichogramma spp. are attracted/arrested or repelled by plant volatiles

(Nordlund et aI., 1985; Kaiser et aI., 1989).

The present study aimed at determining the relative preference among trichogramrnatid

egg parasitoid species/strains for H. armigera, when occurring on two host plants, tomato

and okra both in the laboratory and also in the field.

7.2. Materials and Methods

Four trichogrammatid species/strains namely T. sp. nr, mwanzai (L), T. sp. nr.

lutea (H), T. sp. nr. mwanzai (M) and T. sp. nr. lutea (M» were chosen for this study out

of the original six because of their relatively higher performance, adaptation and higher

reproductive rates (Chapters 3, 4 and 5).

7.2.1. Bioassay

The role of host plants and host insects on parasitism by different Trichogramma

spp. can be determined by laboratory studies under choice and no choice situations

(Bjorksten and Hoffmann, 1998) and field tests (Romeis et al., 1997, 1998, 1999). In the

present study, choice tests were carried out on two host plants of H. armigera (tomato

and okra) both in laboratory and in field cage experiments. Laboratory tests involved use
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of fresh leaves of the two plants, while field cage experiments involved use of potted

plants.

To determine if the parasitoids showed preference between tomato and okra, 30

eggs of H. armigera were placed singly on leaves of the two host plants in a petri dish (7

cm diameter by 2 cm height). The leaves were placed in such a way that each of the host

plant leaves covered half of the petri dish. The leaves were of the same age. A single one-

day-old narve female was then released in the center of the petri dish. The petri dish was

then kept in an environmental chamber at 25°C and 70-80% RH. Seventeen replicates

were used for each treatment. After 24h, the female parasitoid was killed and eggs

monitored for blackening. Five days after exposure, the number of parasitised (black)

eggs was counted under a stereo compound microscope. The experiment was also

conducted with potted plants of the two host crops placed in glass cages measuring 48 cm

length by 65 cm width by 100 cm height, at the Federal Institute of Biological control,

Darmstadt, Germany. Single eggs of H. armigera on small pieces of paper were glued to

the leaf surfaces of the plants using traganth-pulver (adhesive gum). The eggs were

placed at equal distances from each other. Female parasitoids (one day old) were then

released into the cage in a ratio 1:1 parasitoid to the host eggs.

7.2.2. Data analysis

Two-way Analysis of Variance (ANOV A) (Proc GLM, SAS Institute, 2000) was

used to examine main effects (strains and host plant) and their interactions on parasitism

performance. Choice comparisons of the number of eggs parasitised by each strain on the

two host plants was analysed using chi-square (SAS Institute, 2000).

KE L
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7.3. Results

Parasitism was significantly affected by strain (F = 2.8; df= 3,7; P = 0.048), while

host plant and its interaction with strain did not significantly affect parasitism (F = 0.7; df

= 3,72; P = 0.421 and F = 0.2; df= 3,72; P = 0.914, respectively). The relative parasitism

of H armigera by the four-trichogrammatid species/strains on the two plants is indicated

in Figure 7.1.

In the Laboratory, choice tests showed significant preference for okra to tomato

by T. sp. nr. mwanzai (L) (X2 = 0.11.6; P = 0.0006). The other strains did not show

significant differences in preference between the two plants (; l = 0.1; P = 0.8 for T. sp.

nr. lutea (H); X2 = 1.5; P = 0.3 for T. sp. nr. mwanzai (M) and X2 = 0.5; P = 0.5 for T. sp.

nr. lutea (M)).

In the field cages, no significant differences in parasitism were observed between

the two host plants among the four species/strains (X2 = 0.6; P = 0.4 for T. sp. nr. mwanzai

(L); l = 0.3; P = 0.1 for T. sp. nr. lutea (H); X2 = 0.4; P = 0.5 for T. sp. nr. mwanzai (M)

and X2 = 1.7; P = 0.2, respectively).
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(a) Laboratory
• Tomato 0 Okra

49 5556

Strain

(b) Field cages

60
4144

strain

Fig. 7.l. Relative choice preference (%) of H. armigera on tomato and okra by four
trichogrammatid species/strains in the laboratory and field cages. (A = T. sp. nr.
mwanzai (L), B =T. sp. nr. lutea (H), C =T. sp. nr. mwanzai (M), D = T. sp. nr. lutea
(M)).
7.4. Discussion

The egg parasitoids, Trichogramma are efficient biological control agents,

commercially used to control lepidopterous pests in many crops (Li, 1994; Pak, 1992;
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Smith, 1996). However, their suitability as biological control agents may vary due to

considerable inter and intra-specific variations in tolerance to environmental

conditions, preferences to hosts, recognition and acceptance of crops and searching

behaviour (Hassan, 1989; Pak, 1988; van Dijken et al., 1986).

The role of the plant in mediating ecological interactions between host and parasitoids

has been well recognized (De Moraes and Mescher, 1999; Takabayashi et al., 1998;

Verkerk et al., 1998). According to Thorpe (1985), the capacity of parasitoids to find

hosts on plants of different structures may differ between Trichogramma strains and

species.

In the present study, the species/strains showed no significant preference between

the two host plants. Although T. sp. nr. mwanzai (L) showed preference for Okra in

the laboratory, field cage experiments indicated no significant preferences between

the two host plants. Since the cage experiments tend to represent a more realistic

situation close to the field (plant) environment, these results should be more reliable

than the laboratory tests in which detached leaf surfaces were used. Nevertheless,

there was greater tendency by the parasitoids to go for H armigera on okra than

tomato. This may be due to the fact that tomato has a relatively higher density of hairs

on its leaf surface, which are also longer than on okra. Such plant characteristics may

represent a constraint to foraging parasitoids, and as such impair host encounters by

parasitoids. Morphological features of plants such as dense trichomes (Kauffman and

Keneddy, 1989; van Lenteren et al., 1995), waxy leaves (Carter et al., 1984; Kareiva

and Sahakian, 1990), leaf surface area (Knippling and McGuire, 1968), and complex

plant structure (Andow and Prokrym, 1990) have all been shown to reduce the
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effectiveness of predators or parasitoids. The differences in parasitism should reflect

differences in ability and efficiency with which parasitoids searched on plants of

different structures (Franzer and McGregor, 1994; Gardner and Dixon, 1985).

Other studies have shown that a host species can experience different risk of

parasitism when on different plant species or varieties (Gross and Price, 1988;

Noldus, 1989;), or on different parts of the same plant (Gardner and Dixon, 1985).

Plant odors, plant preference, or plant structure may account for these differences

(Gardner, 1982). The present study did not test for plant odors, but it is assumed that

differences in the type of volatiles are smaller between the two host plants as (van

Etten and Tookey, 1979). Trichogrammatids have the ability to respond to a different

array of plant synomones and vary in their degree of olfactory response and it is such

differences that are responsible for the reported habitat-preference of Trichogramma.

The ability of the wasps to parasitise H. armigera on the two host plants suggests

absence of deterrent properties in the tested host plants and also gives an indication

that Trichogramma can be used in the two crop systems. Probably for tomato, a

relatively higher dose of Trichogramma would need to be applied to enhance the

impact.
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CHAPTER EIGHT

8.0. GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

8.1. General discussion

Use of trichogrammatid egg parasitoids has received great importance in applied

biocontrol in different parts of the world, because of their large-scale use in release

programmes against various pests. The use of trichogrammatid egg for control of pests in

Africa is limited to a few countries such as South Africa and Egypt. Although

commercially used in other areas of the world, relatively little information exists on the

impact of these indigenous egg parasitoids in eastern Africa. This study focussed on

assessing locally existing egg parasitoid species/strains collected from different

agroecologies for potential impact against H. armigera and also establishing their relative

adaptation to a arrange of temperature and humidity regimes representative of the tomato

growing season. Assessments of parasitoid species/strains were conducted based on

functional response and life table parameters (fecundity, progeny production, longevity,

sex ratio, developmental time). The suitability of common lepidopteran pests for progeny

development by the strains as well as their relative preferences for the host species when

in choice with H. armigera was also investigated. The relative performance of

species/strains on two H. armigera host plants was also investigated. The overall

objective was to select promising species/strains for augmentative biocontrol of H.

armigera in Kenya.

Climatic tolerance affects the survival and reproduction of a natural enemy in a

given environment and plays an important role in determining the effect of the biological

agents under ambient climatic conditions. Climatic adaptation and the ability of a natural
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enemy to colonize in a given environment with extreme conditions is important

(Chapter3 and 4). In the present study, tolerance to different temperature and humidity

conditions was one selection criterion.

Functional response of indigenous parasitoids was mainly affected by

temperature. Type I was most common, followed by type Ill, while type Il was rare. The

presence of a linear response is important for the continued interaction of the host and

parasitoid, while the type III functional response can lead to density dependence, when

host densities are low and thus can potentially stabilize host-parasitoid interactions

(Berryman, 1999; Bemstein, 2000). The prevalence of type I responses showed that the

parasitoids were able to find and attack hosts even at the lowest host density, which

indicates a high searching ability of the parasitoids.

The number of host eggs successfully parasitised by the adult female parasitoid

within her lifetime (fecundity) after release in the field, is a key attribute for selecting the

appropriate species/strains. Such performance of a parasitoid (chapter 4) in its intended

role after release is an important attribute of its quality (Bigler, 1994; Smith, 1996). Life

history traits (progeny production/sex ratio) are secondary and are important only as

efficiency parameters in mass production and hence of limited importance in selecting for

an inundative system. Different researchers have used different biological attributes in

evaluating performance. It is, however, essential that longevity is matched by greater

fecundity, if a generational response is desired. The interaction of temperature and

humidity, however, implies that to achieve high efficacy, not only temperature but also

other climatic factors such as relative humidity need to be considered. In the current

study, Trichogramma sp. nr. mwanzai (L), T. sp. nr. mwanzai (M) and T. sp. nr. lutea
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(M) were shown to be the most promising candidates for use in augmentative biocontrol

programmes against H. armigera in warmer areas where the pest is a serious problem.

The other strains like T. bruni (H) may not have much impact due to poor parasitism

performance and poor adaptation to the range of temperature and humidity regimes.

The potential reproductive capacity of a natural enemy, usually expressed by the

intrinsic rate of natural increase, which combines the development time, emergence rate,

survival and fecundity into population growth rate (Pak and Oatman, 1982) was also

evaluated (Chapter 5). A strain with higher reproductive capacity is more likely to be a

suitable strain in biological control. For inundative biological control, the reproductive

potential does not appear to be a useful selection criterion, because a limited parasite

fecundity can, in theory, be adjusted by releasing more parasites. However, Smith and

Hubbes (1986) did find that the differences in field performance between various

indigenous geographical strains of T. minutum, in the parasitism of spruce budworm

eggs, C. fumiferana, corresponded to differences in reproductive capacity between strains

determined in the laboratory.

Host specificity concerns the range of host species accepted by a parasitoid. As a

selection criterion, host specificity is related to other criteria, such as environmental risks

(narrow host range and low propensity of hyperparasitism and host suitability as well as

density responsiveness (high host finding capacity). For inundative and seasonal

inoculative releases, host specificity is not considered an important selection criterion,

apparently due to the assumption that releases are directed against a single pest species

(van Lenteren, 1980). However, if two or more related species are to be controlled, the
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use of a single effective parasitoid is probably more economical (e.g. costs of the

development of the program) than the use of different parasites for each host species

(chapter 6). The ability of wasps to attack the target host species is considered more

important for inoculative than for seasonal inoculative and inundative biological control.

In the current study, all species/strains, however, showed good preference levels for H.

armigera. This host was also suitable for progeny development.

Host plant attributes tend to interact with host-species adaptation and their

combined effect results in some strains of Trichogramma being specialised and released

in different crops. In the present study, tomato and okra did not differ significantly

(chapter 7) and hence trichogrammatids can be used suitably in the two crop systems.

8.2. Conclusions

• Trichogramma sp. nr. lutea from high altitude, Trichogramma sp. nr. mwanzai

from low altitude and T. sp. nr. mwanzai from medium altitude showed higher

parasitism across the widest temperature range and hence are promising

candidates for augmentative biocontrol of H. armigera.

• The highest parasitism at 40-50 % and 70-80% relative humidities was at 30°C for

all strains. Survival followed a type I survivorship curve at lower temperatures and

a type III survivorship curve at higher temperatures.Intrinsic rate of increase and

finite rate of increase were found to increase with increasing temperature up to

300C.

• Both net reproductiion and intrinsic rates of increase were higher at lower

humidity. Temperature negatively affected generation time of parasitoids
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regardless ofthe humidity level Most species/strains of parasitoids showed greater

preference for noctuids over pyralids and yponomeutids.The different

species/strains did not show significant differences in parasitising eggs of H.

armigera when placed on tomato and okra.

8.3. Recommendations for future work

• Carry out functional response studies of species/strains under field conditions.

• Verify whether the parameters estimated in the laboratory at constant

temperatures compare well to the field performance, where the diurnal

temperature tends to vary.

• Investigate the role of morphological and chemical properties of plants In

mediating host and host plant influences on parasitoid performance.

• Develop field release and impact assessment strategies for the parasitoids as a

measure oftheir efficiency and effectiveness.
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