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sorghum plants. Equal numbers of first instar larvac of C. partellus and C.
orichalcociliellus were recovered from all plants after 3 days of infestation.
However, as the larvae developed, higher numbers of C. partellus larvae were
recovered from all the plants except in napier grass, which had higher percentage
establishment of C. orichalcociliellus at 10 and 21 days after infestation. C.
partellus and C. orichalcociliellus successfully established and coexisted in the
same plant at early larval instars, but competition and other mortality causing factors
set in at the later instars resulting in the elimination of more C. orichalcociliellus
compared to C. partellus.

Laboratory studies on the larval developmental times of C. partellus ﬁnd &
orichalcociliellus in maize, sorghum, napier grass, wild sorghum and guinea grass
revealed that C. partellus completed larval development in a shorter time than C.
orichalcociliellus in maize, sorghum and wild sorghum, C. partellus did not
complete development in napier and guinea grasses. On the other hand, C.
orichalcociliellus completed development in all the plants. Development of both
stem borer species was faster in maize, much slower in the wild grasses. Survival
of both stem borer species was higher in maize, but very low in the wild grasses.
The relatively faster development of C. partellus compared to C. orichalcociliellus
in cultivated and wild grasses may be important in the displacement of C.
orichalcociliellus. However, the ability of C. orichalcociliellus to complete

development in two native grasses in which C. partellus did not survive may give



IX

this species an advantage over C. partellus. This differential survival in wild grasses
may have allowed C. orichalcociliellus to escape extinction from the coast.
Investigations on the intensity of diapause and survival of diapausing larvae
of C. partellus and C. orichalcociliellus revealed an earlier termination of diapause
in C. partellus than in C. orichalcociliellus. C. partellus may be able to colonize
crops before C. orichacociliellus, and thus might have an enhanced advantage over
C. orichalcociliellus. Male and female moths of diapausing C. partellus larvae
terminated diapause and adults emerged at the same time , whereas, differences were
found in the diapause termination and emergence times of male and female
diapausing C. orichalcociliellus larvae. This may facilitate immediate mating and
production of viable eggs by C. partellus, while hindering mating of C.
orichalcociliellus since the males may not be readily available to fertilize the eggs
at the time of female emergence. These superior attributes of C. partellus may be

implicated in the displacement of C. orichalcociliellus.
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CHAPTER ONE

1.0 General Introduction

Cereal crops, in particular rice, Oryza sativa L., maize, Zea mays L.,
sorghum, Sorghum bicolor (L.) Moench and millets, Pennisetum species, are
extremely important sources of human nutrition (Seshu Reddy, 1990). These crops
are of relatively low cash value, and are grown by a large proportion of the world's
poorest peoples (Seshu Reddy, 1990). In sub-Saharan Africa , maize and sorghum
are the staple food crops for the majority of people (Hill, 1983). They are also
grown as feed for poultry and livestock in the form of grain, forage and fodder. In
Kenya alone, nearly 1,500,000 hectares are under maize cultivation (FAO, 1991).

In the tropics, the yield of maize and sorghum is low. One of the major
constraints to increasing the production of maize and sorghum is damage by
phytophagous insects. Over 150 species of insects are known to damage these crops
(Ingram, 1958; Mohyuddin and Greathead, 1970; Young and Teetes, 1977; Seshu
Reddy and Davies, 1979; Hill, 1983; Seshu Reddy, 1991). Lepidopterous stem
borers are among the most damaging pests of cereal crops worldwide (Jepson, 1954;
Ingram, 1958; Nye, 1960; Harris, 1962; Youdeowei, 1989; Seshu Reddy, 1991). In
Africa, several species of noctuid and pyralid stem borers occur. The most injurious

are Chilo partellus (Swinhoe), Chilo orichalcociliellus Strand, Sesamia calamistis
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Hampson, Sesamia crecita Lederer, Busseola fusca (Fuller), Eldana saccharina
Walker and Coniesta ignefusalis (Walker) (Nye, 1960; Seshu Reddy, 1983a, b;
Youdeoweti, 1989; Seshu Reddy,1991; Overholt et al., 1994a). With the exception
of C. partellus, which is an Asian species, all other species are thought to be
indigenous to Africa. Plant damage is caused by larval feeding in the plant whorl
and later through stem tunnelling. Infested plants have poor growth and reduced
yield and are more susceptible to secondary infection and wind damage. Heavy
infestations at the early stages of plant growth may cause 'dead heart' and sometimes
lead to total crop failure. Youdeowei (1989) and Seshu Reddy and Walker (1990)
gave estimates of yield losses due to stem borers in the neighbourhood of 20-40%
of the potential yield.

APopulation dynamics of C. partellus and C. orichalcociliellus have been
investigated in some African countries, including South Africa (Kfir, 1994),
Madagascar (Delobel, 1975a), and Kenya (Mathez, 1972; Warui and Kuria, 1983;
Overholt et al., 1994a). There is evidence that the introduced stem borer, C.
partellus, is an efficient colonizer in many of the areas it has invaded, often
becoming the predominant and most economically important stem borer in maize
and sorghum (Delobel, 1975a; Kfir, 1994; Overholt, et al., 1994a) at elevations
below 1500m (Seshu Reddy,1983a, b).

In Kenya, studies have been conducted on the species composition of stem

borers. For example, studies conducted in the mid 1960s on the Kenya coast
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Recent investigations by Overholt et al (1994a) on the distribution and
sampling of C. partellus on maize and sorghum on the Kenya coast from 1990-1993,
indicated that C. partellus was the most abundant stem borer species in all the fields,
accounting for more than 80% of total stem borers, while C. orichalcociliellus and
S. calamistis accounted for less than 10% of the total population of stem borers.
The reports of Overholt et al. (1994a), compared with those of Mathez (1972) and
Warui and Kuria (1983), indicate a decrease in the absolute numbers of C.
orichalcociliellus on the Kenya coast since the invasion of C. partellus in the early
1960s. This shift in species abundance over a period of 30 years suggests that the
introduced C. partellus may be gradually displacing the indigenous C.
orichalcociliellus in Kenya.

Invasions may add species to a community, which may result in local
displacement or local extinction. Changes in the composition of the biotic
environment may also include displacement and extinction. Consequently, there
have been reports of shifts in distribution and abundance of previously established
species of several insects following the arrival of new ones. For example, Aedes
albopictus became less common in several Southeast Asian cities after the invasion
of A. aegypti (Sartees, 1966; Gilotra et al., 1967). Also the recent invasion by A.
albopictus into the southeastern United States has been accompanied by a parallel
decrease in the abundance of A. aegypti (Hawley, 1988; Peacock et al., 1988; Black

et al., 1989; Hobbes et al., 1991; McHugh, 1991) and of A. triseriatus in Florida (O'









7

challenge was first as a result of criticism from the work of Hairston et al., (1960)
who argued that predators, parasites, and pathogens were largely responsible for
maintaining herbivore densities below competitive levels, rather than competition
for resources. He supported his argument by stating that food limitation for
herbivores must be rare, since defoliation is a very rare event. The second avenue
of criticism stemmed from analyses of phytophagous insect distributions and co-
occurrences, which revealed, positive interspecific associations, the failure to find
repulsed distributions (Strong, 1981; 1982; Lawton, 1982; Bultman and Faeth, 1985)
and the presence of vacant niches and unsaturated communities (Lawton, 1982).
However, in the era of these challenges, there were very few experimental field
studies of competition in phytophagous insects. Also, the insect studies responsible
for both the rejection and acceptance of interspecific competition were mainly
observational and pattern, rather than process orientated. In the mid 1980s more
experimental investigations of competition between insect herbivores were
conducted and these provided sufficient evidence for the existence of competition
in herbivorous insects (Faeth, 1987; 1988; Strauss, 1988; Damman, 1993).

In a review of 193 pair-wise interspecific interactions between phytophagous
insects, Denno et al., (1995) included experimental demonstrations of competition
(McClure, 1980; Karban, 1986; Denno and Roderick, 1992), displacement or
exclusion of a species following the introduction of a competitor (Huffaker and

Kennett, 1969; Messenger, 1975; McClure, 1989; 1990; 1991; Settle and Wilson,
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suspend themselves on fine silken threads and are blown away to infest
neighbouring plants (Roome, 1980; Chapman ef al., 1983a; Neupane et al., 1985;
Ampofo, 1986a; Berger, 1989b; Berger, 1992) or crawl towards the leaf whorls
or sheaths depending on the stage of the plant (Neupane et al., 1985). Young
larvae feed actively on tender leaves, but bore into the stems as they increase in
size. The larval stage lasts for 16 to 41 days at 24-33°C for C. partellus on a
natural diet (Neupane et al., 1985) and 23 to 36 days for C. orichalcociliellus on
an artificial diet (Delobel, 1975b). There are 5 to 6 larval moults for C. partellus
(Neupane et al., 1985) and 5 to 7 for C. orichalcociliellus (Delobel, 1975b).
When larvae are fully grown (Plate 2.4) they start preparing for pupation by
cutting exit holes in the stem to enable the emerging moths to escape. The pupal
stage (Plate 2.5) lasts 4 to 8 days for C. partellus (Neupane et al., 1985) and 6 to
9 days for C. orichalcociliellus (Delobel, 1975b). The life cycle may be
continuous where favourable conditions for host plant growth exist throughout
the year. However, the cycle is usually interrupted by a cold or dry season,
during which host plants are not available or unsuitable for growth and
development of the stem borers. The mature larvae then enter diapause inside
old stems or stubbles (Scheltes, 1978) and pupate on return of favourable
conditions. Diapausing larvae of C. partellus and C. orichalcociliellus (Plate
2.6) lose their cuticular pigments, cease to feed and become resistant to

dessication (Delobel, 1975b; Scheltes, 1978). Diapause is broken with the onset
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Figure 2.1  General life cycle of Chilo species
1. Adult of Chilo species 2. Egg batch laid on leaf surface
5. Mature larva found in stem 6. Pupa of Chilo species
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Table 2.1  Yield losses caused by C. partellus and C. orichalcociliellus to

Crops.
Crop Species % losses Country References
Maize C. partellus 23-53 Kenya Wheatley (1961)
24.3-36.3 India Chatterji et al. (1969)
37.0 Uganda Starks (1969)
11.4 India Singh et al. (1971)
57-97 India Sarup et al. (1971)
43.7 Pakistan Mohyuddin and Attique
(1978)
50.3 India Sharma and Sharma
(1987)
4, 26, 73 Kenya Ampofo (1986)
C. partellus and ~ 20.0 Kenya Warui and Kuria (1983)
C. orichalcociliellus
Sorghum C. partellus 2.7-15 India Pradhan and Prasad
(1955)
56.0 Uganda Starks (1969)
55-83 (grain) India Jotwani et al. (1971)
57.0 (fodder) India Jotwani et al. (1971)
36.5 South Africa Van Rensburg and van
Hamburg (1975)
13-42 India Kulkarni and Jotwani
(1976)
20.0 India Davies and Seshu Reddy
(1980)
80.6 India Sachan and Rathore
(1983)
56.6-70.8 India Taneja and Nwanze
(1989)

13.3-86.1  India

2-88 Kenya

Taneja and Nwanze
(1989)
Seshu Reddy (1988)

Information from Seshu Reddy and Walker (1990).
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early planted maize had a lower number of borers per plant (0.6 borers per plant)
and the number increased with late sowing to nearly 1.6 borers per plant when
planting was done eight weeks after the onset of rains. Thus, early planted maize
will have passed the susceptible growth stage by the time C. partellus and C.
orichalcociliellus reach high populations in the field. However, adjusting the
sowing dates to escape damaging populations of stem borers is of limited use
because rainfall is unreliable in most areas and therefore, farmers tend to have
varying sowing dates, thus, making it impossible to effect area-wide
synchronization of sowing dates.

Spacing may affect the relative rate of development of a plant and its pest
population as well as the behaviour of the pest in searching for food or
oviposition site (Lawani, 1982). C. partellus first instar larvae are known to
migrate from hatching site to the funnel of the plant on which they hatched or to
other plants within the vicinity (Ampofo, 1986b). During this process as high as
100% mortality occurs (Mathez, 1972). Increasing the spacing between adjacent
plants would decrease the chances of the migrating larvae coming in contact with
neighbouring plants. Consequently, fewer larvae would survive than if the plants
were closely spaced.

Intercropping is the most widespread traditional agricultural system in
many areas of Asia, Africa and Central America (Seshu Reddy, 1990). In

intercropping, the modification of the crop micro-environment and differences in
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Matibet and Malinge, 1968; Appert et al., 1969; Greathead, 1971; Bordat, 1983;
Betbeder-Matibet, 1989; Kfir, 1994; Overholt, 1994b). A classical biological
control attempt against C. partellus using a larval parasitoid, introduced from
Pakistan, Cotesia flavipes Cameron, was initiated on the Kenya Coast in 1991.
Successful establishment of C. flavipes has been achieved at the coastal and other

parts of Kenya (Overholt ez al., 1997).
2.4  Host plants of C. partellus and C. orichalcociliellus

Larvae of stem borers, including C. partellus and C. orichalcociliellus,
feed on communities of wild and cultivated grasses whose stems are large
enough to accommodafe stem borer feeding tunnels (Harris, 1990). In addition to
grasses, sedges (Cyperaceae) and cat-tails (Typhaceae) are important wild hosts
for some stem borers (Jepson, 1954; Seshu Reddy, 1989; Conlong, 1990). Prior
to the introduction of maize into Africa (Purseglove, 1972), native grasses,
sedges, and cat-tails wére presumably the aboriginal host plants for the
indigenous stem borers in Africa. However, stem borer densities in wild grasses
are far lower than levels observed in cultivated crops (Mathez, 1972). C.
partellus is an important pest of maize, sorghum and pearl millet in Asia and
Africa. It also attacks wheat, sugar cane, rice, foxtail, finger millets (Harris,

1990) and various grasses, including several species of wild sorghum, Sorghum
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have been reported. In Isreal, the introduction of the parasitoid, Clausenia
purpurea Ishii, against the mealybug, Pseudococcus citriculus Green, resulted in
a gradual disappearance of the previously established parasitoids, Leptomastix
flavus Mercet and Anagyrus bivuensis Compere (Rivany, 1964). Selhime et al.
(1969) reported that the introduced Aphytis holoxanthus Debach, a parasitoid of
the Florida red scale, Chrysomphalus aonidum L., completely displaced
Pseudhomalopoda prima Girault which used to be the main control agent of the
Florida red scale. However, P. prima is still the most important parasitoid on at
least one of its native hosts. In Brazil, C. flavipes is now the dominant parasitoid
on Diatraea saccharalis (F.), while the native tachinid parasitoids,
Metagonistylum minense Townsend and Paratheresia claripalpis Walp, have
become scarce (Botelho, 1992).

Displacement of introduced parasitoids subsequent to the introduction of
other parasitoids has been reported. In Florida, Anagyrus antoninae Timberlake,
which initially established readily and showed promise as an efficient control
agent for the Rhodesgrass mealybug, Antonina graminis (Maskell), was
completely displaced by Neodusmetia sangwani (Subbo Rao), another encytid
parasitoid of the Rhodesgrass mealybug introduced into Florida from Texas
(Bennett, 1993). Bennett (1993) reported that another encytid, Pseudectroma
sp., might also have been a contributory factor to the disappearance of A.

antoninae. Schuster and Dean (1976) reported the competitive displacement of
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30 years (Mathez, 1972; Warui and Kuria, 1983; Overholt et al., 1994a) have
shown that in absolute numbers, C. orichalcociliellus densities appear to be
decreasing over time at the Kenya Coast, while total stem borer numbers have
remained more or less constant. Although total stem borer densities may not
have changed dramatically since the introduction of C. partellus, the
displacement of the indigenous C. orichalcociliellus by C. partellus may have
influenced crop damage. Much of the information on feeding responses and
habits of these stem borers have been concentrated on C. partellus (Alghali and
Saxena, 1988; Torto et al., 1990; Torto and Saxena, 1991; Torto et al., 1991).
With the exception of the report by Warui and Kuria (1983), on the loss of maize
caused by both C. partellus and C. orichalcociliellus, there are no other reports
on the feeding habits and amount of damage caused by C. orichalcociliellus to
cereal crops. In this study, the quantities of maize and sorghum stems consumed
by larvae of C. partellus and C. orichalcociliellus on a daily basis and throughout

the larval lifetime are reported.

3.2 Materials and Methods

First instar larvae of C. partellus and C. orichalcociliellus were fed

individually on tender stems of maize and sorghum seedlings. From the third

instar until pupation, larvae were fed with pieces of fresh maize and sorghum
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stems. The pieces of stems were washed in a 2% solution of commercially
available bleach (0.05% sodium hypochlorite) to kill any microbial contaminant
originating from the field and then dried. A preweighed piece of stem was
offered to a larva in a glass vial (7.5 by 2.5 cm) plugged with cotton wool.
Larvae were allowed to feed for 4 days before replacing old stems with fresh
ones. The injured stem was weighed after the frass was carefully removed.
Control pieces of stems were kept in separate vials alongside the experimental
stems to determine the weight loss from evaporation. The difference between the
initial and final weights of stem after adjustment for weight loss from evaporation
indicated stem feeding by the larvae. The number of days taken for each larva to
reach the pupal stage was recorded. Larvae which died or escaped before
pupation were not included in the analysis. Experiments were conducted at
28°C. Data were subjected to an analysis of variance (ANOVA) to detect any
differences in the mean quantities of maize and sorghum consumed by C.
partellus and C. orichalcociliellus on a daily basis and in a larval lifetime.
Differences in the quantity of maize and sorghum consumed by C. partellus and

C. orichalcociliellus in a four-day interval was detected using a t-test.

3.3 Results

Larvae of C. partellus consumed significantly more maize stem tissue
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Figure 3.1  Quantities of maize stems consumed by larvae of C.
partellus and C. orichalcociliellus on a four-day interval.
(Vertical lines represent the standard error values).
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CHAPTER FOUR

4.0 Niche overlap, interspecific association and parasitisation of C.

partellus and C. orichalcociliellus by indigenous parasitoids.

4,1 Introduction

Niche overlap measures are designed to measure the degree to which two
species share a set of common resources or utilize the same part of the
environment. They are commonly based on kinds of food items consumed, micro
habitats occupied, or times of activity. Many different measures of overlap have
been proposed (Hurlbert, 1978), but with the exception of that by Hurlbert
(1978), all are scaled from zero to unity. Zero overlap indicates two species that
are completely dissimilar, and a value of unity indicates complete overlap. A
clear understanding of the extent of overlap between C. partellus and C.
orichalcociliellus may be useful in explaining their abundance, population
dynamics and function in their habitats. Species with overlapping niches are
expected to interact in many different ways.. The measurement of interspecific
association is of importance in detecting interactions between species (Cole,
1949). These measurements may be based on the presence or absence, or the

relative abundance of species (Cole, 1949; Hulbert, 1969). Interspecific
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Yn, =Ny).

Percentage overlap between the species was calculated using the method

proposed by Renkonen (1938). This method is given by the equation:

P, (minimump, P, )]100

where
P, = Percentage overlap between species j and species k.
P; P, = Proportions resource i is of the total resources used by species j
and species k.

n = Total number of resource states.

Interspecific association between C. partellus and C. orichalcociliellus.

Interspecific association between C. partellus and C. orichalcociliellus
was determined using data accumulated for a period of four years (1992-1995)
by the International Centre of Insect Physiology and Ecology/Wageningen
Agricultural University (ICIPE/WAU) project, on stem borer population
dynamics and the impact of indigenous and introduced parasitoids on stem borer
populations in the coastal area of Kenya in cultivated and wild grasses. Densities

of stem borers were estimated in maize and sorghum at different locations on the
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4,4 Discussion

This study revealed a very high degree of niche overlap between C.
partellus and C. orichalcociliellus in the resources examined. In gramineous
plants, the presence of multiple stem borer species has been reported by several
authors (Girling, 1978; Hughes et al, 1982; Kaufmann, 1983; Sampson and
Kumar, 1983; Seshu Reddy, 1983b and Youm, 1984) indicating that stem borer
species have overlapping niches, irrespective of the type of association between
them. Previous attempts have been made to analyse the nature of association
between insect species including stem borers (Girling, 1978; Rodriguez-Del-
Bosque et al, 1990). Girling (1978) investigated interspecific association
between E. saccharina, C. partellus, B. fusca and S. calamistis in maize,
sorghum and sugar cane. Hé reported that the coefficient of interspecific
association for pairs of species was in the region of -0.9, which reflects a very
marked lack of association between the species. However, a contrary report was
given by Rodriguez-Del-Bosque et al. (1990), who found a weak positive
interspecific association between three species of neotropical stem borers,
Diatraea lineolata (Walker), D. saccharalis (F.) and Eoreuma loftini (Dyar) in
sugar cane. In the present study a weak positive association was found between
small and medium sized larvae of C. partellus and C. orichalcociliellus. Positive

associations may occur when species have overlapping niches or interact in a
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noted that the tendency for the second and third instar larvae to move from the
funnels to the leaf sheaths may also result in some mortality with fewer numbers
of larvae surviving to later stages. A negative association occurs when two
species have different habitat requirements or interact in a way that is detrimental
to one or both species (Smith, 1980). No negative association was observed in
the present study indicating that C. partellus and C. orichalcociliellus occupy the
same niches but do not directly harm each other in their habitat. Thus, the
gradual displacement of C. orichalcociliellus by C. partellus over the last 30
years may not be attributed to direct attack of C. orichalcociliellus by C.
partellus, but may be due to some superior competitive attributes of C. partellus
that indirectly affect the survival of C. orichalcociliellus.

Parasitism levels of stem borer species by indigenous natural enemies had
previously been reported by researchers in Kenya. Mathez (1972) reported up to
90% egg mortality of stem borers due to Trichogramma spp., while larval and
pupal mortality was usually below 10% and was mainly due to unidentified
bacteria, fungi and virus diseases on larvae and P. furvus parasitism on pupae.
Oloo (1989) reported up to 97.6% real mortality of C. partellus occurring in the
age interval from egg to early instar larvae and he attributed this to losses or
mortality due to predation and other unidentified factors. He reported that
parasitoids and insect pathogens contributed less than 1% to generation mortality

at various life stages of C. partellus. Overholt et al. (1994b) reported that
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CHAPTER FIVE

5.0 Fecundity, longevity, egg fertility and hatchability of C. partellus and

C. orichalcociliellus.
5.1 Introduction

Ecological homologues exhibit varying degrees of biological differences
which may influence the outcome of competitive interactions in any given
condition. For instance, differences occur in their fecundity and longevity. The
outcome of competitive displacement betweeﬁ ecological homologues hinges on
which of the competing species has the highest effective progeny production
under given conditions. The effective progeny production, i.e, the relative rate of
production per parental female of female progeny that survive to reproduce (R)
(Debach and Sundby, 1963; Debach, 1966) is based on total fecundity, sex ratio,
survival to reproduction, effective reproductive period and time required for
development to reproductive maturity (Debach ez al., 1978). All these
parameters may be modified by a variety of environmental conditions such as
temperature, humidity, food quality or quantity and interspecific competition.
Debach and Sundby (1963) evaluated the biological characteristics of three

ecological homologues, Aphytis chrysomphali, A. lingnanensis and A. melinus,
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5.2.1 Fecundity and longevity of C. partellus and C. orichalcociliellus.

Newly emerged male and female pairs of the different moth species were
held singly in square-shaped, wire mesh oviposition cages. The insides of the
cages were lined with crumpled waxed paper as a removable oviposition
substrate. C. partellus and C. orichalcociliellus are known to oviposit readily on
this substrate (Delobel, 1975b; Kumar and Saxena, 1985a). Experiments were
conducted in incubators under three constant temperatures of 25, 28 and 31°C
and relative humidities of 75, 84 and 96% with a L:D 12:12 photoperiod. Each
treatment included 100 pairs of C. partellus and C. orichalcociliellus except for
all temperatures in the 75% relative humidity treatment in which only 50 pairs of
C. orichalcociliellus were used due to an inadequate supply. Each pair of moths
was provided with a cotton ball saturated with a 20% sugar-water solution to
provide nourishment for the moths. Waxed papers were removed and examined
daily for eggs until death of the female. Egg batches from each female were cut
from the waxed papers the day after they were laid, counted and kept under the
same controlled environments in 7.5 x 2.5 cm glass vials. Total fecundity and
adult longevity were compared between temperatures and relative humidities
using the generalized linear model (GLM) and mean separation was carried out

using the Student-Newman-Keul (SNK) multiple range test (SAS Institute, 1987).
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5.2.2 Egg fertility and hatchability of C. partellus and C. orichalcociliellus.

Individual egg batches kept in glass vials under the same controlled
environments were examined daily until the black-head stage when the number
of fertile eggs could be determined. The number of larvae hatching from eggs
was recorded. Data were converted to an arcsine transformation and analysis
was done using the general linear model (GLM) to determine differences in
percentage egg fertility and hatchability. Means were separated using the

Student-Newman-Keul (SNK) multiple range test (SAS Institute, 1987).

5.3 Results

Adult females of C. partellus and C. orichalcociliellus have equal
longevities at all temperatures and relative humidities (Table 5.1). The mean
number of eggs laid by C. partellus was always greater than that of C.
orichalcociliellus at 25 and 28°C at the different relative humidities, but at a
higher temperature of 31°C, no difference was found in the mean number of eggs
laid by C. partellus and C. orichalcociliellus irrespective of the relative humidity
(Table 5.2). In most cases, higher numbers of C. partellus eggs were fertile and
hatched to first instar larvae compared to C. orichalcociliellus eggs (Tables 5.3

and 5.4). In as much as the mean number of eggs laid by C. partellus and C.
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orichalcociliellus were the same at 31°C, C. partellus still had an advantage over
C. orichalcociliellus in having higher number of eggs surviving to the first instar

larvae compared to C. orichalcociliellus (Tables 5.3 and 5.4). |

5.4 Discussion

The longevity of adult female of C. partellus and C. orichalcociliellus was
the same at all temperatures and relative humidities. Delobel (1975b) reported
that C. partellus and C. orichalcociliellus adults live for approximately the same
number of days. He also reported equal fecundities for C. partellus and C.
orichalcociliellus reared on an artificial diet. The results of this study showed
that at lower temperatures, C. partellus laid more eggs compared to C.
orichalcociliellus. However, at higher temperatures, the mean number of eggs
laid by the two species was equal, indicating that in areas with high temperatures
and relative humidities, C. orichalcociliellus may have an equal reproductive
potential as C. partellus. However, in this study the mean number of eggs laid
by both species was low compared to earlier reports by Berger (1989b) for C.
partellus and Delobel (1975a) for C. orichalcociliellus. A possible explanation
for these differences may be the different artificial diets used in the various
experiments, which may have had an affect on the reproductive capacity of the

females reared as larvae on these diets. Egg fertility and hatchability of C.









Table 5.2 Mean fecundity (+std) of C. partellus and C. orichalcociliellus under different temperatures and relative humidities

Temp
(C)
N Cp

75
N Co

N

Mean number of eggs
Relative humidity (%)
85
Cp N Co N

96
Cp N Co

25 100 99.9+123.92a 50 53.7+100.17b
28 100 153.1+136.85a 50 69.4+97.64b

31 100 128.9+133.12a 50 101.3+125.47a

100
100
100

126.0+£108.02a 100 73.9+96.40b 100
165.7+140.81a 100 121.2+107.59b 100
126.0+142.22a 100 105.2+150.87a 100

150.7+124.85a 100 112.7+£129.47b
144.4+113.10a 100 101.3+114.04b
113.8+132.02a 100 135.3+171.05a

For each relative humidity, means in the same row with different letters are significantly different P < 0.05.

Cp, Chilo partellus

Co, Chilo orichalcociliellus
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reported to influence the colonization responses of many stem borer species,
including adult orientation and oviposition, larval arrest, establishment, feeding,
development and survival (Ampofo, 1985). Preferential oviposition by stem
borers has been reported in different host plants (Alghali, 1988; Khan,
unpublished data) and in different cultivars of a plant (Sharma and Chatterji,
1971; Kumar, 1988a b; Alghali, 1988; Kumar et al, 1993). Variations also occur
in relation to plant phenology (Ampofo, 1985). Oviposition and larval behaviour
of the stem borer, C. partellus, on different varieties of maize have been studied
by several workers (Sharma and Chatterji, 1971; Singh and Sandhu, 1978;
Kumar, 1986). The ovipositional responses of C. partellus to sorghum plants
have been reported (Lal and Pant, 1980; Dabrowski and Kidiavai, 1983; Singh
and Rana, 1984) though inadequately. Ovipositional response studies of C.
partellus have been conducted on susceptible and resistant maize and sorghum
genotypes and cultivars (Durbey and Sarup, 1982; Ampofo, 1985; Kumar, 1988a,
b; Alghali, 1988). The colonization responses of C. partellus with reference to
adult oviposition, larval arrest and establishment, larval feeding and development
have been studied under the screenhouse and field conditions in various resistant
cultivars of maize with varying results (Kumar et al., 1993).

The ability of an insect species to locate and select suitable host plants for
oviposition and for the young individuals to successfully establish in the plants,

is essential for the future development and survival of that particular insect
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were infested in the same plant and allowed to establish, higher percentages of C.
partellus compared to C. orichalcociliellus larvae were recovered on most of the
sampling dates, for all the plants except napier grass which had a higher recovery
of C. orichalcociliellus larvae (Table 7.2). However, in sorghum and napier
grass, no difference was found in the percentage recovery of the species on the
third day after infestation. When C. partellus and C. orichalcociliellus were
allowed to establish in the same plant, lower percentages of each of the species
were recovered in all plants within recovery days compared to when they were
colonizing the plants alone.

Examination of the percentage of larvae of C. partellus and C.
orichalcociliellus recovered in different host plants showed that for each stem
borer species, the trend of establishment in the different plants was similar
irrespective of whether the species was colonizing the plants alone or in
combination with another species. For C. partellus, the percentage of larvae
recovered on the different dates was always highest in maize plants. In most
cases, establishment of C. partellus larvae in sorghum and wild sorghum were
equal. Lowest recoveries of C. partellus larvae were in napier grass (Tables 7.3a
and b). For C. orichalcociliellus the percentage recovery was also highest in
maize, although in some cases the percentage recovery of C. orichalcociliellus
larvae was the same in maize, sorghum and wild sorghum. The establishment of

C.orichalcociliellus larvae in napier grass plants was comparable to its
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establishment in sorghum and wild sorghum plants (Tables 7.4a and b).

7.4  Discussion

The results of this study showed clear differences in the establishing
abilities of C. partellus and C. orichalcociliellus in all the plants. C. partellus
had an advantage over C. orichalcociliellus, having greater establishing ability in
maize, sorghum and wild sorghum. To this effect, more C. partellus larvaec may
have been able to escape the adverse physical and natural mortality factors than
C. orichalcociliellus. These results suggest that in the next generation of these
stem borers, C. partellus population density may be higher than the population
of C. orichalcociliellus, if all other mortality factors occurring in later stages are
equal. In napier grass, however, C. orichalcociliellus had a higher establishing
ability than C. partellus. The results of this study are in agreement with that of
Overholt (Unpublished data) who recorded higher population densities of C.
partellus compared to C. orichalcociliellus in all plants except napier grass,
during sampling at the coastal areas of Kenya.

All plants used in this experiment have been reported to habour C.
partellus and C. orichalcociliellus. All the same, the observations presented
above show differences among the host plants investigated with respect to the

extent of establishment of C. partellus and C. orichalcociliellus. Establishment
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of both stem borer species was highest on maize, reflecting the high suitability of
this plant. Results on the developmental times of C. partellus and C.
orichalcociliellus reared on cultivated and wild host plants showed that C.
partellus and C. orichalcociliellus developed faster and survived more on maize
compared to sorghum, wild sorghum, napier and guinea grasses (Chapter 8).
Ampofo (1985) reported that ovipositional preference and larval establishment
are responsible for determining the susceptibility and resistance of various
varieties of maize to C. partellus. According to Saxena (1990), low levels of
larval arrest on a plant reflect an insect's non-preference for that particular plant
and this hampers colonization of the plant. The present study revealed a low
level of establishment of C. partellus and C. orichalcociliellus in napier grass,
suggesting the relative non-suitability of this host. Non-preference reduces an
insect's three major behavioural responses; these are, oviposition, orientation and
feeding, which are involved in the initial three stages of colonization of a plant
(Saxena, 1985).

In maize and wild sorghum C. partellus was recovered in higher numbers
than C. orichalcociliellus from 3 days after infestation. In the other plants, the
lack of difference at 3 days after infestation may be attributed to equal mortalities
of larvae of both species in these plants. The lower establishment of C. partellus
compared to C. orichalcociliellus in napier grass at 10 and 21 days after

infestation, suggests that napier grass is a more suitable host for C.






Table 7.1 Larval establishment (std) of C. partellus and C. orichalcociliellus in different host plants.
Percentage of larvae recovered
Days after Host plants
infestation Maize Sorghum Napier grass Wild sorghum
N Cp N Co N Cp N Co N Cp N Co N Cp N Co

3 50 76.4+ 30 713+ 50 68.4+ 10 66.0+ 50 36.2+ 20 53.0+ 30 71.3£ 20 62.0+

22.5a 20.82a 20.5a 21.2a 15.1a 13.4a 28.0a 11.1b —
10 50 60.2+ 30 - 53.0+ 50 424+ 10 43.0+ 50 25.6+ 20 32.5+ 30 49.7+ 20 47.0+ 7

13.9a 22.9b 12.7a 10.6a 13.0b 17.8a 21.4a 10.0b
21 50 50.4+ 30 493+ 50 324+ 10 25.0+ 50 19.4+ 20  27.0+¢ 30 363+ 20 35.5+

16.7a 22.6b 13.8a 15.8a 9.1b 12.2a 14.7a 9.4b

For each host plant, means in the same row with different letters are significantly different P< 0.05.

Cp, Chilo partellus

Co, Chilo orichalcociliellus
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Table 7.3a  Larval establishment (+std) of C. partellus while alone in different host
Percentage of larvae recovered
Host plants Number of days after infestation
3 10 21
Maize 76.4£22.5a 60.2+13.9a 50.4%16.7a
Sorghum 68.4£20.5a 42.4+12.7c  32.4£13.8b
Napier grass 36.2£15.1b  25.6+13.0d 19.4%9.1c
Wild sorghum 71.3+28.0a 49.7421.4b 36.3£14.7b
F-value 27.89 38.01 33.18
Pr>F 0.0001 0.0001 0.0001

Means in the same column with different letters are significantly different P < 0.05.

Table 7.3b  Larval establishment (+std) of C. partellus while with C.
orichalcociliellus in different host plants.

Percentage of larvae recovered
Host plants Number of days after infestation

3 10 21
Maize 66.7+31.2a 54.74344a 36.7+15.8a
Sorghum 51.2£17.7b 41.2£11.0b 28.8+11.5b
Napier grass 31.3%12.5¢ 19.3+3.6¢ 18.0+6.1c
Wild sorghum 41.3+21.6bc 36.7£16.7b  26.7£14.2b
F-value 18.82 17.23 11.62
Pr>F 0.0001 0.0001 0.0001

Means in the same column with different letters are significantly different P < 0.05.
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CHAPTER EIGHT

8.0 Larval development of C. partellus and C. orichalcociliellus in

cultivated and wild host plants.

8.1 Introduction

Competitive displacement is considered in relation to the growth rates and
generation times of the competing species, as well as to the rate at which
environmental conditions relevant to the species fluctuate. The development of
phytophagous insects depends to a large extent on the nutritional quality of the
host plant (Schulthess et al., 1993). The effect of host plant quality on growth,
development and reproduction of phytophagous insects is not always predictable.
Highly variable results have been obtained for different insects and host plants,
with respect to the effect of various nutritional conditions (Schulthess ez al.,
1993). In addition to maize and sorghum, it has been reported that a number of
alternative cultivated and wild grasses provide habitats for C. partellus and C.
orichalcociliellus during the dry season when maize and sorghum are not
availablle (Seshu Reddy, 1989; Shanower ef al., 1993; Khan, unpublished data).
However, the quality and quantity of these crops available as food for stem borer

development and survival vary greatly owing to differences in the morphology,
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8.4 Discussion

The host plants tested in this experiment differed in their suitability for
borer development and survival. Larval development was faster in maize than in
sorghum, napier grass, wild sorghum and guinea grass. Shanower et al. (1993)
reported similar larval periods for two different stem borers, S. calamistis and E.
saccharina on maize and wild grasses, but noted that larval development was
50% faster on artificial diet. Maize was the best host for both borer
development and survival. When larvae were reared on sorghum and wild
grasses, larval survival was lower than when reared on maize. Shanower et al.
(1993) compared life table parameters of S. calamistis and E. saccharina feeding
on maize, wild grasses and artificial diet. They reported that larval survival was
higher on artificial diet compared to maize and wild grasses. However, maize
was a better host for stem borer survival than the wild grasses. They reported
that mortality on wild hosts varied between 94 and 99% compared to 70% on
maize. Results of the present study on the survival of C. partellus and C.
orichalcociliellus in maize and wild grasses are similar to the results obtained by
Shanower et al. (1993). Maize is an exotic plant in Africa which has only
recently been widely cultivated in East Africa (Purseglove, 1972; Dowswell et
al., 1996). It appears that the introduction of this plant, which has no

evolutionary history with Old World stem borers, has provided a highly
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content (Djamin and Pathak, 1967). Larvae of the yellow rice borer,
Scirpophaga incertulas (Walker), were unable to attack resistant rice plants
because of the high silica content of their stems (Panda et al., 1975). The poor
quality of the grasses may have contributed to the prolonged development and
low survival of C. partellus and C. orichalcociliellus. Usua (1973) reported that
the nutritionally inadequate food condition provided by developing maize stems
was thought to lengthen the larval development of B. fusca. Hill (1983) reported
slower development of C. pqrtellus larvae on plants of poor quality.

C. orichalcociliellus moulted more often over longer periods in all the
plants than C. partellus. This may have prolonged its total generation time
compared to C. partellus. Kioko et al. (1995) reported that the difference in the
larval developmental periods between the two species on an artificial diet would
result in an overall shorter generation time for C. partellus if the egg, pupal and
preovipositional periods of C. partellus and C. orichalcociliellus were the same,
which appeared to be the case (Berger, 1989a; Delobel, 1975b; Neupane et al,
1985). The results of the present study indicating a shorter larval developmental
time of C. partellus compared to C. orichalcociliellus in maize, sorghum and
wild sorghum confirm previous studies by Kioko ef al. (1995) and Mbapila
(1997) on artificial diet and maize, respectively. Intrinsic rate of increase is an
important factor in the ability of one species to exclude or displace another.

Mbapila (1997) reported that C. partellus had a higher intrinsic rate of increase






Table 8.1 The developmental time (meantstd) of C. partellus to reach various larval stadia, pupa and adult in different host plants.

Mean time in days

Host plants L2 L3 L4 e L6 L7 Pupa Adult
Maize 4.9d+ 9.1d+ 13.2b+ 17.4b+ 20.1ck 24 3at 25.1b+ 31.9b+
1.46 2.57 3.24 3.76 3.14 6.18 5.40 5.91
Sorghum 5.2cd+ 9.8cd+ 14.7b+ 20.0b+ 24.To+ 31.5a+ 31.5a+ 39.3at
1.73 2.86 3.86 4.00 3.36 0.71 5.48 6.35
Napier grass 5.9b+ 11.8b+ 18.7a+ 24 .6at 38.7at - - -
1.96 3.53 5.30 11.07 12.01 - - -
Wild sorghum 6.4a+ 14.4a+ 18.4a+ 26.7at - - 32.0a+ 39.7at
2.18 4.15 3.02 5.03 - - 7.81 7.37
Guinea grass 5.6bct 11.1bet 19.0a+ - - - - -
1.41 4.54 6.68 - - - - -
F-value 12.67 18.17 17.42 11.73 40.97 243 11.16 11.43
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.1939 0.0001 0.0001

Means in the same column with different letters are significantly different P < 0.05
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Table 8.2 The developmental time (meantstd) of C. orichalcociliellus to reach various larval stadia, pupa and adult in different host

plants
Mean time in days

Host plants L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 Pupa Adult
Maize 5.4ct 9.7ct 14.5d+ 19.1ct 22.7bt 34.6at 46.0at - - - 31.4b+38.8b+

1.44 2.52 3.31 4.44 6.07 980 849 - - - 9.79 1047
Sorghum 6.0bct 12.4b+ 16.8cd+ 22 .8b+ 32.1b+ 41.2a+ 48.0ax 56.3a+ 64.5a+ - 39.6ab+47.3b=

2.06 3.75 4.19 5.24 1337 343 520 551 354 - 12.20 12.08
Napier grass 6.3bt 12.4b+ 18.8bct 26.7b+ 32.9b+ 42 4at 50.0at 55.3a+ 64.0at 83.5+ 56.8a+70.0at

1.87 3.13 4.10 4.46 442 584 660 695 883 071 1477 17381
Wild sorghum 7.1a+ 14.9a+ 22.1at 35.6a+ 47 0at - - - - - 54.0at 61.7ab+

2.33 5.02 6.87 10.83 0.00 - - - - - 11.27 10.79
Guinea grass 5.6c+ 12.5b+ 19.9ab=+ 25.4b+ 31.3b+ 37.0at 56.0a+ - - - 34.0b+46.0bx

2.06 433 8.01 5.96 4.57 566 000 - - - 0.00 0.00
F-value 13.90 24.80 21.54 33.28 1697 285 059 005 0.01 - 10.47 1045
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0521 0.6351 0.8357 0.9437 -  0.0001 0.0001

Means in the same column with different letters are significantly different P < 0.05
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Table 8.3

Larval to adult developmental times (meantstd) of C. partellus and C. orichalcociliellus reared on different host plants.

Mean time in days

Host plants Stem borer species F-value Pr>F
N C. partellus N C. orichalcociliellus (row-wise)  (row-wise)

Maize 84 31.9+5.91Bb 88 38.8+10.47Ba 28.20 0.0001

Sorghum 15 39.3+6.35Ab 12 47.3+12.08Ba 4.89 0.0363

Napier grass 0 - 3 70.0+7.81A - -

Wild sorghum 3 39.7+7.37Ab 3 61.7+£10.79Ba 8.51 0.0434 e
o

Guinea grass 0 - 1 46.0+0.00B - -

F-value (column-wise) 11.43 10.45

Pr>F (column-wise) 0.0001 0.0001

1 Means followed by different upper case letters in the same column are significantly different P < 0.05.

2 Means followed by different lower case letters in the same row are significantly different P < 0.05.
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CHAPTER NINE

9.0 Intensity of diapause of C. partellus and C. orichalcociliellus.

9.1 Introduction

Diapause is a crucial link in the life cycle of many insects, enabling them
to overcome unfavourable conditions . It has been reviewed among insects of the
temperate and tropical zones (Beck and Hanec, 1960; Evert, 1960; Danilevskii,
1961; Adkisson et al., 1963; Lees, 1968; Beck, 1968; Bell, 1982; Briers et al.,
1982; Denlinger, 1986). Diapause of stem borers, including C. partellus and C.
orichalcociliellus, has been widely studied (Usua, 1970, 1973, 1974; Scheltes,
1978; Fuchs et al., 1979; Taley and Thakare, 1976; 1980; Singh et al., 1985;
Chaudhary and Sharma, 1988; Unnithan and Seshu Reddy, 1989; Kfir, 1988,
1991a, b, 1993a, b).

In Kenya, the seasonal abundance of stem borer species, including C.
partellus and C. orichalcociliellus, has been described (Mathez, 1972; Warui and
Kuria, 1983; Unnithan and Seshu Reddy, 1989; Overholt et al, 1994a). During
off seasons, these stem borers survive in alternative hosts and wild grasses,
although carry-over populations occur in crop residues left in the field (Wheatly,

1961; Scheltes, 1978). C. partellus and C. orichalcociliellus enter diapause as
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by the differences in relative fecundity and survival of immature stages (Debach
and Sundby, 1963). The species with the highest number of F, progeny was
always the winner in any paired interspecific competition.

It was shown that greater numbers of neonate larvae of C. partellus
dispersed over greater distances at a faster rate compared to C. orichalcociliellus.
Thus, C. partellus has an advantage over C. orichalcociliellus because higher
numbers of newly hatched larvae of C. partellus may be better able to leave the
oviposition plants, and because they move faster, they will escape adverse
mortality factors, and locate neghbouring plants for further infestation.
Differences in the ability to move and take refuge in other plants is an important
part of the interaction between species. Relative searching ability is a highly
important biological characteristic under field conditions (Nicholson, 1933).
Although a species may have a high intrinsic fecundity, its poor searching ability
will result in a decreased progeny production as food becomes scarce. Hence,
species with low intrinsic fecundity, but with a high searching ability have an
advantage over species with high intrinsic fecundity and poor searching ability.

Field experiments showed C. partellus to have a greater establishing
success than C. orichalcociliellus. In all plants but napier grass, C. partellus
dominated and by the end of the experiments after 21 days, C. partellus was
always recovered in higher numbers. C. partellus may be more able to resist or

cope with the adverse conditions of the host plants compared to C.
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Appendix 2. Quantities of sorghum consumed (meanistd) by C. partellus and C. orichalcociliellus on a 4 days interval
Food consumed (grams)

Borer species Age (days)

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
C. partellus 0.05+ 0.04+ 0.05+ 0.07x 0.08+ 0.09+ 0.10+ 0.09+ 0.10+ 0.09+ 0.08+ 0.07+ 0.07+ 0.06+ 0.05+ 0.05+ 0.05+

0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.02 0.02 0.02 0.02 0.01 0.01 0.00
C. orichalco 0.04+ 0.04+ 0.05+ 0.05+ 0.06= 0.06+ 0.07+ 0.07+ 0.07+ 0.07+ 0.07+ 0.07+ 0.06+ 0.05+ 0.05+ 0.05+ 0.05+
ciliellus 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01
F-value 6.73 8.13 8.68 6.12 4.97 4.89 3.98 3.21 2.61 6.06 1.31 1.56 5.63 7.83 1.97 1.20 25.00
Pr>F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.63 0.46 0.06 0.12 0.71 1.00 0.25

00T
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Appendix 5. Quantities of maize and sorghum stems (meanzstd) consumed by C.

partellus and C. orichalcociliellus in a larval lifetime.

Host plant Food consumed (grams) F-value Pr>F
C. partellus C. orichalcociliellus

Maize 4 8+3.36Aa 3.2+1.35Ab 20.25 0.0001

Sorghum 3.1£1.53Ba 2.8+t1.11Aa 0.36 0.5532

F-vallue 11.83 1.19

Pr>F 0.0008 0.2775

Means in the same row with different lower case letters are significantly different P < 0.05

Means in the same column with different upper case letters are significantly different P < 0.05

Appendix 6. Numbers of newly hatched larvae of C. partellus and C. orichalcociliellus

dispersing from maize and sorghum plants.

Host plant Numbers dispersing G-test (row
wise)

N C. partellus N C. orichalcociliellus
Maize 320 89 320 9 87.25*
Sorghum 320 38 320 18 7.94*
G-test (column wise) 26.07* 3.15

A significant difference (P < 0.05) is indicated by an asterisk
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Appendix 11. Mean time taken by diapausing larvae of C. partellus and C. orichalcociliellus

to terminate diapause

Borer species N Pupation N Adult

C. partellus 550 9.68+4.45b 443  16.45+4.33b
C. orichalcociliellus 197 14.36+9.86a 160  20.85+10.59a
F-value 76.1 52.63
Pr>F 0.0001 0.0001

Means in the same column with different letters are significantly different P = 0.05

Appendix 12. Mean time taken by male and female diapausing larvae of C. partellus to

terminate diapaue

Sex N Pupation N Adult
Male 182 9.43+4.71a 176 16.22+4 47a
Female 292 9.71+4.29a 267 16.60+4.23a

Means in the same column with the same letter are not significantly different P > 0.05






